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NO:21) 

wherein (Chel) is a radiometal-binding moiety. 



REMARKS 



/. INTRODUCTION 

Claim 24 has been amended to delete non-elected subject matter. Applicants 
reserve the right to file one or more divisional applications covering the non-elected 
subject matter. Claim 41, as well as the specification, was amended to delete duphcate 
recitations of peptides and to correct typographical errors vis-a-vis the peptides of SEQ 
ID 14 and 15: the last "T" in the peptides with SEQ ID 14 and 15 should not be 
underlined and should read (SEQ ID NO: 14) AcK(Chel)Fd CFW h KTC T-OH and 
AcK(Chel)DFd CFW h KTC T-OH, respectively. Entry of the foregoing amendments to 
the specification and to claims 21,41 and 44 is respectfially requested. Upon entry of 
this amendment, claims 24 - 44 will be pending in this application. 

//. THE OFFICE A CTION 

A. Election/Restriction 

Applicants acknowledge that the restriction requirement is still deemed proper, 
and, as such, it is final. Further, Applicants acknowledge that the Examiner has 
withdrawn the restriction between non-elected groups VI and Vn, since, according to 
the Examiner, "it is considered that this is one invention." 

B. Objections to the Specification 

The Examiner objected to the specification because some of the sequences 
recited on page 28, line 27 to page 29, line 22 are repeated. Applicants have deleted 
sequences that are repeated, at the pages noted by the Examiner. As such, 
reconsideration and withdrawal of the objection is respectfiiUy requested. 
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C. Rejections based on 35 U.S. C § 112, First Paragraph- Written 
Description 

Claims 24 - 40 and 42 - 44 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as allegedly lacking written description. Applicants respectfully traverse 
this ground for rejection. 

MPEP Section 2163 provides that the analysis of w^hether the specification 
complies with the written description requirement calls for the examiner to compare 
the scope of the claim with the scope of the description to determine whether applicant 
has demonstrated possession of the claimed invention. Such a review is conducted 
from the standpoint of one of skill in the art at the time the application was filed (see, 
e.g., Wang Labs. v. Toshiba Corp., 993 F.2d 858, 865, 26 USPQ2d 1767, 1774 (Fed. 
Cir. 1993)) and should include a determination of the field of the invention and the 
level of skill and knowledge in the art. The guidelines in Section 2163 themselves 
provide that "[gjeneralfyy there is an inverse correlation between the level of skill and 
knowledge in the art and the specificity of disclosure necessary to satisfy the written 
description requirement"" Information which is well known in the art need not be 
described in detail in the specification. See, e.g., Hybritech, Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367, 1379-80, 231 USPQ 81, 90 (Fed. Cir, 1986). 

Applicants direct the Examiner's attention to page 15, lines 26 to 31, it is clear 
that Applicants where in possession of the claimed invention; that is, a method of 
treating a tumor using the claimed radiolabeled peptides. Applicants submit herewith 
joumal articles that show that, at the time the application was filed, the level of skill in 
the art to which the invention pertains was such that it is not necessary for Applicants 
to include a great deal of detail in the specification to demonstrate that they were in 
possession of the invention. At the time the application was filed, it was known that 
peptides could be used in radionuclide therapy to treat tumors. 

de Jong et al.. Cancer Research 58: 437-441 (1998) (EXHIBIT A) 

de Jong et al demonstrated that ^In-labeled somatostatin analogs showed high 
and specific bindi ng in vitro rto somatostatin receptors in mouse pituitary AtT20 tumor 
cell membranes, de Jong et al. also showed that all of the compounds they 
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evaluated, namely, [DTP A^] octreotide, [DTPA^,Tyr^]octreotide, [DTPA^,D- 
Tyr^]octreotide, [DTPA*^,Tyr^]octreotate, and [DOT A^,Tyr^] octreotide, showed specific 
Jnternalizationin rat pancfeatic'tiaiior cells. In addition, de Jong et al showed that 
these results translated to in vivo models. For example, biodistribution studies showed 
that radioactivity in the octreotide-binding, receptor expressing tissues and tumor-to- 
blood ratios were significantly higher when [^^^In-DTPA^,Tyr^]octreotide, [^^^hi- 
DTPA^Tyr^]octreotate, and [^^^In-DOTA^,Tyr^]octreotide were used than when [^^^hi- 
DTPA^Joctreotide was used. Finally, de Jong et al. characterize radiolabeled 
[DTPA^,Tyr^]octreotide, and especially [DTPA^,Tyr^]octreotate and their DOTA- 
coupled counterparts as "most promising for scintigraphy and radionuclide therapy of 
[somatostatin] receptor-positive tumors in humans. 

Lewis et aL. J. Med. Chem. 42: 1341-1347 (1999) (EXHIBIT B) 

Li a study which illustrated the structure activity relationship of various 
somatostatin analogs related to those described by de Jong et aL {supra), Lewis et al 
compared the in vitro binding, in vitro tumor cell uptake, and in vivo distribution of 
[^^Cu-TETA,Tyr^]octreotide and [^^Cu-TETA]octreotate with that of [^"^Cu- 
TETA,Tyr^]octreotate and [^"^Cu-TETAJoctreotide. Applicants note that they have 
used the same type of nomenclature used in the de Jong et aL to describe the peptides 
of Lewis et aL Lewis et aL demonstrated that, while all of these peptides displayed 
affinity for somatostatin receptors on CA20948 rat pancreatic tumor membranes, 
[^"^Cu-TETAJoctreotate and [^'^Cu-TETA,Tyr^]octreotate showed the highest affinity 
for the receptors. Biodistributions in CA20948 tumor-bearing rats showed receptor 
mediated uptake of the '^'^Cu-labeled peptides in somatostatin-rich tissues, including the 
pituitary adrenals, pancreas, and tumor. Lewis et aL found that [^"^Cu- 
TETA,Tyr^]octreotate exhibited the highest tumor uptake of all of the peptides studied. 

Lewis et aL Clinical Cancer Research 5: 3608-3616 (1999) (EXHIBIT O 

ha this study, Lewis et aL mention a previous study which showed that [^"^Cu- 
TET A] octreotide significantly exhibited the growth of somatostatin receptor-positive 
CA20948 rat pancreatic tumors in Lewis rats. Anderson et aL, J. NucL Med, 39: 1944- 



002.909046.1 



7 



Attorney Docket No.: 018733/0997 
Application No. 09/676,783 

1951 (1998). In the current study, Lewis et al. found that a single dose of 15 mCi of 
[^''Cu-TETA,Tyr']octreotate was shown to be more effective in reducing tumor burden 
than the same dose of [^"Cu-TETAJoctreotide. Lewis et al. also found that in multiple 
dose experiments, complete regression of tumors was observed for all rats treated with 
3 X 20 mCi of [^''Cu-TETA,Tyr^]octreotate; with no palpable tumors for approximately 
10 days. Lewis et al. found that the mean survival time of the rats was nearly twice 
that of controls. 

The three journal articles described above show the level of skill in the art at the 
time the application was filed. The ordinary skilled artisan would therefore know how 
to use radiolabeled peptides, such as those disclosed and claimed in the present 
application, to treat tumors. Applicants assert, therefore, that it is not necessary to 
describe in the specification information which is well known in the art such as how 
the claimed peptides would be used to treat tumors. See, e.g., Hybritech, Inc. v. 
Monoclonal Antibodies. Inc., 802 F.2d 1367, 1379-80, 231 USPQ 81, 90 (Fed. Cir. 
1986). Accordingly, the instant specification not only complies with the written 
description requirement, but it also demonstrates that Applicants had possession of the 
claimed invention. 

Reconsideration and withdrawal of the rejection imder 35 U.S.C. § 1 12, first 
paragraph is respectfully requested. 

C. Rejections Based on 35 U.S. C. § 112, Second Paragraph 

Claims 24 - 44 stand rejected under 35 U.S.C. § 1 12, second paragraph, as 
being allegedly indefinite. Applicants respectfully traverse this ground for rejection. 

/. Rejection based on the recitation of two statutory subject matters 

The Examiner stated that claim 24 is confusing in that it covers two statutory 
subject matters: method of using and method of making. 

Applicants are not aware of any provision in the MPEP or U.S. Code that 
would preclude Applicants fi-om claiming a method of using the claimed radiolabeled 
peptides to treat tumors, where the radiolabeled peptides are characterized by the way 
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they are made. Further, AppHcants are not aware of any provision in the MPEP or U.S. 
Code which would render such a claim indefinite. Applicants respectfully urge the 
Examiner to provide the section in the MPEP or statutory basis which would render 
such a claim indefinite. In the absence of such bases. Applicants assert that claim 24 is 
definite. 

Reconsideration and withdrawal of the rejection of claim 24 under 35 U.S.C. § 
112, second paragraph is respectfiiUy requested. 

2. Rejection Based on lack of clarity with respect to the term 'together'' 
in claim 24 

The Examiner stated that it is not clear whether the administration of the 
radiolabeled peptide "together" with the carrier is as a urut or two separate components. 
Applicants have amended claim 24 to recite that a radiolabeled peptide and a 
pharmaceutically acceptable carrier are administered to treat a tumor. Applicants have 
amended claim 24, as such, to convey that the two components are added as a unit and 
not as separate components. 

Reconsideration and withdrawal of the rejection is respectfiilly requested. 

3. Rejection based on the term ^Hower^^ in claim 24 

The Examiner alleges that the term "lower" in "lower alkyl" is a relative term. 
The Examiner has suggested that Applicants recite the number of carbon atoms 
contained therein. Likewise, the Examiner suggests that Applicants recite the number 
of carbon atoms contained in the aryl and cycloalkyl groups. Finally, the Examiner 
alleges that the term "substituted" is indefinite as to the kind, number and position of 
each of the substituents presented therein. 

Applicants appreciate the Examiner's kind suggestions with respect to 
amending claim 24 to recite the number of carbon atoms in the lower alkyl, aryl and 
cycloalkyl groups. Applicants provide, however, that this is not necessary, as the 
specification clearly describes the number of carbon atoms in each of the 
aforementioned groups at page 11, lines 7-23. Thus, the terms lower alkyl, aryl and 
cycloalkyl are indeed definite, as they are clearly described in the specification at the 
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aforementioned page and line numbers. 

Applicants respectfully disagree with the Examiner's allegations that the term 
"substituted" is indefinite as to the kind of substituents contemplated.. The kinds of 
substituents contemplated are described at page 11, lines 24 - 34. With respect to the 
"number and position of each of the substituents," Applicants provide that the skilled 
artisan would recognize, for example, that an aryl group could contain up to 5 
substituents; in theory one at each ortho and meta position and one at the para position. 
Thus, Applicants assert that the term "substituted" is definite vis-a-vis the kind, 
number and positions of each of the substituents presented therein. 

Reconsideration and withdrawal of the rejection is respectfully requested. 

4. Rejection based on the phrases "a protecting group that can be 
removed under the conditions of peptide synthesis'' and ''then contacting said 
solution with a radionuclide and recovering the radiolabeled peptide'' in claim 24 

The Examiner stated that in claim 24 it is not clear whether the compound 
administered is in protected or non-protected form. 

Claim 24 recites that Ri, R2, and R3 are independently a number of substituents, 
one of which is a protecting group that can be removed under the conditions of peptide 
synthesis. Applicants assert that the skilled artisan would know this to mean that, for 
example, when Ri, R2 and R3 are anything but "a protecting group that can be removed 
under the conditions of peptide synthesis," then the peptide is unprotected. 
Contrariwise, when one of Ri, R2 and R3 is "a protecting group that can be removed 
under the conditions of peptide synthesis," then the peptide is protected. Thus, 
Applicants assert that the phrase "a protecting group that can be removed under the 
conditions of peptide synthesis," is clear and definite. 

In making the rejection based on the phrases "a protecting group that can be 
removed under the conditions of peptide synthesis" and "then contacting said solution 
with a radionuclide and recovering the radiolabeled peptide," the Examiner again raises 
the issue that both of these phrases relate to a method of making and not using the 
compound. Once again. Applicants provide that they are not aware of any provision in 
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the MPEP or U.S. Code that would preclude Applicants from claiming a method of 
using the claimed radiolabeled peptides to treat tumors, where the radiolabeled peptides 
are characterized by the way they are made. 

Reconsideration and withdrawal of the rejection of claim 24 under 35 U.S.C. § 
112, second paragraph is respectfiiUy requested. 

5. Rejection of claim 44 

The Examiner asserts that the recitation of the term "protein" in claim 44 
broadens claim 42, which recites the term "peptide." hi light of the cancellation ofs 
claim 44, Applicants assert that the rejection has been overcome. 

Reconsideration and withdrawal of the rejection is respectfully requested. 

6. Rejection of claim 41 

The Examiner states that claim 41 contains sequences that are duplicative. In 
light of the amendments to claim 41, Applicants assert that the rejection has been 
rendered moot. Specifically, Applicants have deleted those sequences from claim 41 
that are duplicative. 

Reconsideration and withdrawal of the rejection is respectfiiUy requested. 
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///. CONCLUSION 

The claimed invention is now in condition for allowance. Favorable 
reconsideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that 
a telephone interview would advance the prosecution of the present application. 




FOLEY & LARDNER 
3000 K Street, N.W. 
Suite 500 

Washington, D.C. 20007-5109 
Tel: (202)672-5466 
Fax: (202)672-5399 




Reg. No. 48,735 
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Version with Markings to Sliow Changes Made 
IN THE SPECIFICATION; 

Page 8, line 27 to Page 9, line 22: 

In accordance with another aspect of the invention there are provided peptides 
having a structure selected from the group consisting of: 
(ChelV/AbuNl ePHFH RWK-NH2, (SEQ ID NO:l) 

(Chel)YAbuHSDAVFTDNYTRLRKQMAVKKYLNSILN-NH2, (SEQ ID NO:2) 

KPRRPYTDNYTRLRK(Chel)QMAVKKYLNSILN-NH2, (SEQ ID NO:3) 

(Chel)yAbuVFTDNYTRLRKQMAVKKYLNSILN-NH2, 

(Chel)yAbuYTRLRKQMAVKKYLNSILN-NH2, (SEQ ID NO:4) 

HSDAVFTDNYTRLRK(Chel)QMAVKKYLNSILN-NH2, (SEQ ID NO:5) 

(SEQ ID NO:6) <GHWSYK(Chel)LRPG-NH2, <GHYSLK(Chel)WKPG-NH2, (SEQ ID 

NO:7) 

AcNald Cpad Wd SRKd (Chel)LRPAd -NH2, (SEQ ID NO:8) 

(SEQ ID NO:9) (Chel>yAbuSYSNleDHFd RWK-NH^,, (Ch e DYAbuNl oDHF d -RWK -Mfe.. 
(SEQ IDNO:l) 

(ChoDNlo ^ g d RWK Nfe. rSEO ID NO:n 

Ac-HSDAVFTENYTKLRK(ChenONleAAK KYLND LKKGGT-NH9. (SEQ ID NO: 10) 
^ (Chel)yAbuHSDAVFTDNYTRLRKQMAVKKYLNSILN T^JH^, (SEQ ID >JQ:2) 
(Chel)YAbuVFTDNYTRLRKQMAVKKYLNSILN NFb, (SEQ ID NO: 4) 
(SEQ ID NO:l) (Ch o l)YAbuNloDIgd - ^WK mh\ <GHWSYK(Chol)LRPG I^JHa r^SEQ 
ID NO:6) 

(SEQ ID NO:7) <GHYSLK(Ch o l)WKPG NH^ r^^^>Md-€Pad-Wd-SRK d (Chol)LRP.'V i- 

(SEQ ID NO:l 1) <GHYSYLK(Chel)\VKPG Nih, <:GHYSLK(Chel)WKPG NHj r(SEQ 
ID NO:9) 

(SEQ ID NO: 12) Nalj Cpaa Wd SRKd (Chel)WKPG-NH2, <GHWSYKd (Chel)LRPG- 
NH2, (SEQ ID NO: 13) 

,AeNald-€pad-Wd-SRKd (Chol)LRP.\d --NH3 , (SEQ ID NO:8) AcNal^ -^a^-Wd-SRKd 
(Ch e l)LRP.\d -^ff fa, (SEQ ID NO:8) 
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(SEQ ID NO:S) AcNaU epe^^^SS^ (Ch e ljLRPA^ -^^j ^, <GHWSYIC(Chol)LRrG - 
(SEQ ID NO:6) 

(SEQ ID NO: 14) AcK(Chel)Fd CFWa KTCTT -OH. AcK(Chel)DFd CFWh KTCTT -OH. 
(SEQ ID NO: 15) 

(SEQ ID NO: 14) AcK(Chel)Fd CFWa KTCT-ol, AcK(Chel)DFd CFW h KTCT-ol, (SEQ 
IDNO:15) 

(SEQ ID NO: 16) (Chel)DFd CFWd KTCT-OH, K(Chel)DFd CFW. KTCT-ol. (SEQ ID 
NO: 15) 

(SEQ ID NO: 17) K(Chel)KKFd CFWd KTCT-ol. K(Chel)KDFd CFWd KTCT-OH. (SEQ 
ID NO: 18) 

(SEQ ID NO: 19) K(Chel)DSFd CFWd KTCT-OH, K(Chel)DFd CFWd KTCT-OH. (SEQ 
ID NO: 15) 

(SEQ ID NO:20) K(Chel)DFd CFWd KTCD-NH2, K(Chel)DFd CFWd KTCT-NH,. (SEQ 
ID NO: 15) 

(SEQ ID NO: 1 8) K(Chel)KDFd CFWd KTCT-NHNH., AcK(Chel)Fd CFWh KTC T- 
NHNH2,(SEQIDNO:14) 

(SEQ ID NO: 14) K(Chel)Fd CFWd KTCT-ol, and Fd CFWd KlCTK(Chel)-NH2, (SEQ ID 
NO:21) 

wherein (Chel) is a radiometal-binding moiety having the structure set forth above. 
IN THE CLAIMS! 

24. (Amended) A method of treating a tumor, an infectious looion, a 
m)^ocardial infarction, a clot, athcrosclorotio plaque, or a nomial organ or tiasue , 
comprising administering to a human patient a radiolabeled peptide, together with mdji 
pharmaceutically acceptable carrier, 

wherein said radiolabeled peptide is prepared by contacting a solution of a peptide 
with stannous ions, wherein said peptide comprises a radiometal-binding moiety 
comprising the structure: 
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wherein R^, R^, and R^ independently are selected from the group consisting of H, 
lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkaryl, and a protecting group 
that can be removed under the conditions of peptide synthesis, provided that at least one 
ofR',R^orR^isH, 

R^, R', R*, R^ and R'° independently are selected from the group consisting of H, 
lower alkyl, substituted lower alkyl, aryl, and substituted aryl, and R^ and R^ together or 
R^ and R^ together may form a cycloalkyl or substituted cycloalkyl ring, 

R"* and R^ together form a direct bond or are independently selected from the 
group consisting of lower alkyl, substituted lower alkyl, aryl, and substituted aryl, and 
wherein NR'° is located at the N-terminus of said peptide, or is located on an amino acid 
side chain of said peptide, 

and then contacting said solution with a radionuclide and recovering the 
radiolabeled peptide. 

41. (Amended) A method according to claim 24, wherein said peptide is 
selected from the group consisting of: 
rChel-tvAhuNlenHF. WK-KTH. rSP n ID NO: 1 

rChel->vAhiiHSDAVFTnNV TRLRKOMAV KKYI.NSTT,N-NH.. rSEO ID NO:?.^ 

KPRRPYTDNYTRLRKrCbe POMAVKKYL NSTLN-NH.. fSEO TDNO:!^ 

(ChelVvAbuVFTDNYTRT.RKOMAVKK YLNSTT.N-NH.. 

(ChelWAbu YTRLRKOMAVKKYT.NSn.N-NH -, rS RO TD NOA^ 

HSDAVFTDNYTRT.RKrrhenOMAVKK YT NSTT .N-MH. fSiP Q ID NO:5-) 

(SEP ID NO:6) <GHWSYKrChenLRPG-NH,. <G_HYSLKrChe nWKPG-NH.. rSFQ TD 

NO:?-) 
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AcNal. Cpaj Wh SRICh (ChePLRPAH -NH,, (SEP ID NO:8^ 
(SEP TP NO :9) rChelVYAbuSYSNlePHFH RWK-NH.- Ac- 

HSDAVFT ENYTKT.RKrCheDPNleAA KKYT.NDr K KGGT-NH,. f SEP ID NP:10^ 
rSEG ID NP:12^ NaL Cpa ^ SRIC, (CheDWKPG-NH ,. <GRWSYK.. CCheni.RPG- 
NH7.rSEPIDNP:1,3^ 

rSEP ID NP:14^ AcKfChel^F. CFW.^ KTCT-PH. AcKrChellDF. GF Wh KTCT-PH. 
rSEPID NP:15^ 

fSEP ID NP:I4^ AcK(Chct]W „ CFW. KTCT-ol. AcKfChe nPF. CFW,. KTCT-o1. rSFP 
IDNP:151 

(SEP ID NP:16) rCheDDF^ CFWh KTCT-PH. KrCheHPF. CFW. KTCT-ol. rSF.O TP 

(SEP ID NP:17^ KrChelYKKF. CFWh KTCT-ol. KrChelVKPF. CFW,, KTCT-PH. rSRP 
IDNP:18^ 

rSEP ID NP:1 9^ KrChenPSFn CFW. KTCT-PH. KrChe DPFn CFW. KTCT-PH. CSEP 
IDNP:15^ 

rSEP ID NP:20-> KrChenPF. CFW. KTCD-NH,. KCCheHPF. CFW. KTCT-NH.. rSRO 
IDNP:1.5^ 

(SEP ID NP:18^ KrChenKDF. CFW. KTCT-NHNH. AcKrCheHF. CFW. KTCT- 
NHNH.. (SEP ID NP:1 4-) 

(SEP ID NP:14^ KfChelVF. CFW . KTCT-ol . and R. CFW. KTCTKrChelVNH,. (SEP ID 
NP:2n 

wherein (Chel) is a rad iometal-hf nding moietv. (Chn1^YAh»N1pPHF^ i: 
(Chel)YAbuHSDAWTD>fYTRLRKQMA\^KKYL^JSIL>f >JHj ^ 
KPRR:PYTD>JYTRLRK(Chol)QMAVKKYLNSILNNH2 , 
(ChoI)YAbuVFTD^^YTRLRKQMAVKXYLNSILNNm ^ 
(Chel>)rAbuYTRLRKQM A\^KKYL>JSmj NI I^ ^ 
HSDAVFTDNYTRLRl'C(Chol)QMAVKKYL]^JSILN^ j ^I^ , 
■-GmA^SYKCChoOLRPG l^ill;, <GHYSLK(Chcl)WKrG I^JII^ ^ 
AeNaIdCpaaWdSRj ^(Chol)LRP.\d NH2 , (Chol)YAbuSYSNloDIIF dt 

Ac HSDAVFTENYTKLRK(Ch c l)Q^^cAAKKYLNDLKKGGT NR ^^ 
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(Chol)YAbuHSDAVFTD>JYTRLRKQ]SIA\^KKYLNSILNNH3 T 
(Chol)yAbu VFTD>JYTRLRKQMAVKKYL>JSIL]^ J m h ; 
(Chel)YAbu>n o DHFdRWK NH^^ <GHWSYK(Chol)LRrG mh i 
<GHYSLK(Chcl)^^^G ^ni3 WVeNal^€pa4W4SRK d(Chol)LRP.\4 -NHa, 

<GHYSYLK(Chol)^^TJG mh, ^GHYSLK(Choi)\\qa>G rnii , 

Nat4€padWdSRKa (Chol)WKPG Mia, <GHWSYK4(Chol)LRPG ^JII^ , 

A6Nald€padWdSi^ (Chel)LRPA4 --NH2r^^6Nala€paaW4SRKa (Chol)LRP.\4 -NH3T 
AeNal4€paaWdSRJ^ (Chol)LRP.\4 -^}H3 , <GHWSYK(Chol)LRPG mh i 
AcK(Chcl)Fd €gW^T€S- OH, AcK(Chol)DF 4 €gW4 KTCT OIL 
AcK(Chol)F4 €gW^igF- ol, AoK(Chcl)DF d€gWd KTCT ol, (Chol)D F 4€FW4fe¥g I^ 
OH. K(Chol)DFd €FWd KTCT ol, K(Cho l)KKFd€£WJ 
K(Ch o l)KDFd g£W^i€T OH. KCCholjOSFd SgW^ 
K(Chol)DF4 €gW^££^ H, K(Chol)DF 4€gWd 
K(Ch o l)DF4 €£Wd KTCT NH^, K(Chol)KDFd €£Wd 




wh e r e in (Ch e l) is said radiom e tal binding moioty. 
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Leo J. Honand, Theo J. Visser, Ananth Srinivasan, Michelle A. Schmidt, Jacic L. Erion, Joseph E. Bueai 

Hehnut R. Macke, and Eric P. Krenning 

Kantonspital Basel. CH-4031 Basel, Switzerland [H. R. M.J Missouri oj/j^ ia. i., M. A. i.. /. L E„ J. E, BJ; and Department of Nuclear Medicine. 



ABSTRACT 

We evaluated the following "'In-labeled somatostatin (SS) analogues 
(diethylenetriaminepentaacetic acid, DTPA; tetraazacyclododecanctet- 
raacetic acid, DOTA): [DTPA°]octreotide, [DTPA^Tyr']oct^eotide, 
[DTPA^D-Tyr']octreotide, [DTPA^Tyr»]oct^eotate [Thr(ol) in octreoUde 
replaced with Thr], and [DOTA^Tyr^loctreotide, in vitro and in vivo. 

In vitro, all compounds showed high and specific binding to SS recep- 
tors in mouse pituitary AtT20 tumor cell membranes, and ICsq^ were in 
the nanomolar range. Furthermore, all compounds showed specific inter- 
naUzation in rat pancreatic tumor cells; uptake of ["*In- 
DTPA",Tyr^]octreotate was the highest of the compounds tested, and that 
of ["*In-DTPAVTyr']octreotide was the lowest Biodistribution exper- 
iments in rats showed that, 4, 24, and 48 h after iiyection of ["*In- 
DTPA^Tyr'joctreotide, ["*I^-DTPA^Tyr']oct^eotate, and [»>In- 
DOTA^Ty^^]octreotide, radioactivity in the octreotide-binding, receptor- 
expressing tissues and tumor-to-blood ratios were significantly higher 
than those after injection of ["*In-DTPA**]octreotide. Uptake of ["*In- 
DTPA**,Tyr^]octreotate in the target organs was also, in vivo, the highest 
of the radiolabeled peptides tested, whereas that of ["'In-DTPAV 
Tyr^octreotide was the lowest Upteke of ["'ln.0TPA»,Tyr^]octreotide, 
['"ln-DTPA«,Tyr']octreotate, and [""ln-DOTA°,Tyr^Joctreotide in tar- 
get tissues was blocked by >90% by OS mg of unlabeled octreoUde, 
indicating specific binding to the octreotide receptors. Blockade of ["'In- 
DTPA*,D-Tyr"]octreotide was >70%. In conclusion, radiolabeled 
fDTPA°,Tyr']octreotide and, especially, [DTPA",Tyr^]octreotate and 
their DOTA-coupled counterparts are most promising for scintigraphy 
and radionuclide tiierapy of SS receptor-positive tumors in humans. 



INTRODUCTION . 

Radiolabeled tumor receptor-binding peptides can be used for in 
vivo scintigraphic imaging. An example is SS.^ which binds to its 
receptors on tumors of neuroendocrine origin (1). The native peptide, 
however, is susceptible to very rapid enzymatic degradation (2) and is[ 
tlierefore, not useful for m vivo application. Therefore, more stable 
synthetic SS analogues have been developed; e.g., the octapeptide 
octreotide (Fig. 1; Ref. 3). Because octreotide cannot be radiolabeled 
easily with a •y-emitting radionuclide, Tyr^-octreotide was developed, 
allowing radioiodination of the molecule (Fig. 1). This compound,' 
radiolabeled with '^^I or '^^I, was the first used in in vitro SS receptor 
studies (4), tumor scintigraphy in animals (4), and in humans (1, 5). 
[***In-DTPA°]octreotide, consisting of the octapeptide octreotide and 
the chelator DTPA (Fig. 1), enabUng radiolabeling with a radiometal 
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like ' * *In, was the next SS analogue to be synthesized for scintigraphy 
of SS receptor-positive lesions in vivo. We have described its advan- 
tages over radioiodinated Tyr^-octreotide and its use for scintigraphic 
imaging of SS receptor-positive lesions (6, 7). 

A new and fascinating application is die use of radiolabeled oct- 
reotide for radionuclide therapy. Promising results with regard to 
tumor growth inHSition have been reported in humans using t^^'ln- 
DTPA^Joctreotide (8). A particle emitter, such as may. in 
certain cases, appear more suitable for this purpose than the Auser 
electron emitter *"ln. However, ^Y-DTPA is unstable, resultfng 
in hematopoietic toxicity in vivo; therefore, Tyr'-octreotide hal 
been derivatized with the DOTA chelator (Fig. 1), enabling stable 
radiolabeling with and "*In. (Pre)ciinical studies with 

[DOTA^Tyr^Joctreotide showed favorable biodistribution and tumor 
uptake characteristics (9-11). 

The success of the therapeutic strategy relies upon the amount of 
radioligand, which can be concentrated within tumor cells, and this 
will, among other things, be determined by the rates of internalization, 
degradation, and recycling of both ligand and receptor. We have 
evaluated and compared the different mentioned ' "in-chelator-pep- 
tide constructs, and we have also studied some new, recently synthe- 
sized SS analogues, with regard to binding to octreotide receptors on 
mouse pituitary tumor cell membranes and intemaUzation in rat 
pancreatic tumot cells. Furthermore, biodistribution in tumor-bearing 
rats was investigated in vivo. The newly synthesized analogues te<;ted 
were [DTPAVTyr^Joctreotide and [DTPA° Tyr^Joctreotate (struc- 
tures shown in Fig. 1). 

MATERIALS AND METHODS 

LabeUng of OctreoUde Derivatives. PTPA**]octreotide and ' ' ^InCl3 were 
provided by Mallinckrodt Medical (Petten, the Netherlands), and octreotide 
was supplied by Sandoz (Basel, Switzerland). [DOTA^Tyr*]octreotide was 
synthesized by H. R. M., and [DTPA°,D-Tyr']octreotide, [DTPA^'.Tvr']- 
octreotide, and [DTPA^Tyr^Joctreotate v/cre synthesized by A. S. " 'In label- 
ing of the DTPA-analogues was as described for [DTPA^Joctreotide iUl 
and » "In-labeling of [DOTA^^.Tyr'joctreotide (9) and '-^Mabeling of 
[Tyr^Joctreotide (4) were performed as described. 

In Vitro Receptor Binding Studies, Receptor binding assays were carried 
out using [*2*I-Tyr^]octreotide (2200 Ci/mmol) as radioligand using mouse 
AtT20 pituitary tumor cell membranes (13). 

InternaUzation. AR42J cells were grown in RPMI 1640 (Life Technolo- 
gies, Inc., Grand Island, NY), CA20948 cells were grown in DMEM (Life 
Technologies, Inc.), and ARC cells were grown in DMEM/FI2 (Life Tech- 
nologies, Inc.); for all cell lines, medium was supplemented with 2 mM 
glutamine and 10% PCS, Before the experiment, subconfluent cell culnires 
were transferred to six-well plates. 

The binding of the radiolabeled peptides to nimor cells and subsequent 
internalization were studied essentiaUy as described (14). In short, before the 
experiments, cells were washed, and incubation was staned by addition of 1 ml 
of internalization medium/well (culture medium without FCS but with 1% 
BSA) with 80 kBq of peptide (0.1 nM concentration). Cells were incubated at 
3TC for indicated periods of time. To determine nonspecific internalization, 
cells were incubated with an excess unlabeled octreotide (0.1 fiM). CeUular 
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octreotide 
Uyr^Joctreotide 
[D-Tyr]octreotide 
[Tyr^Joctreotate 

DTPA 
DOTA 



P-Phe 



le-D-Trp-Lys-Thr-Cys-Thr (ol) 



D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr (ol) 



I * 1 

D-Tyr-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr (ol) 



D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr 

HOOC-CH, H,C-COOH CHj-COOH 



N-(CH,),-N-(CH,),-N 



HOOC-CH, 



XH,-COOH 



M 



COOH 

Fig. 1. Structures of octreotide, D-Tyr' -octreotide, Tyr^-ocfreotide-, Tyr'-octreotate 
DTPA, and DOTA. 



Table 1 ICyg of unlabeled peptides 
Binding of ['^^I-Tyr^]octreotide to mouse AtT20 pituitary cell membranes. Results are 



Unlabeled peptide 


IC50 (nM) 


[DTPA^'loctieotide 


3 


[DTPA°Tyr^]octreotide 
[DTPA°,D-Tyr ' ]octreotide 
[DTPA°,Tyrgoctreotate 
[DOTA°Ty/]octreotide 


3.2 


6.3 


3.6 


0.6 



uptake was stopped by removing medium from the cells and washing with 2 ml 
of ice-cold PBS. To discriminate between internalized and nonintemalized 
(surface-bound) radiopharmaceuticals, intact cells were incubated with 1 ml of 
20 mM sodium acetate. The internalized and nonintemalized fractions were 
determined by measuring radioactivity in a LKB-1282-eompugammasystem. 
The internalized fraction was expressed as percentage of the applied dose per 
mg of cellular protein. The latter was determined using a commercially 
available kit (Bio-Rad, Veenendaal, the Netherlands). 

In Vivo Tissue Distribution., Animal experiments were performed in com- 
pliance with regulations of our institution and with generally accepted guide- 
lines governing such work. Male Lewis rats, bearing the CA20948 pancreatic 
tumor or Wistar male rats (200-250 g) were used in the experiments. Rats 
were injected under ether anesthesia with 3 MBq (0.5 ^tg) of **4n-labeled 
peptide in 200 /il of saline into the dorsal vein of the penis. To determine 
nonspecific binding of the radiopharmaceutical, a separate group of rats was 
injected s.c. with 0.5 mg of octreotide in 1 ml of 0.05 m acetic acid in saline, 
30 min before injection of the radiolabeled peptide. At the indicated time 
points, rats were sacrificed under ether anesthesia. Organs and blood were 
collected, and the radioactivity in these samples was determined using a 
LKB-1282-Compugammasystem. Statistical evaluation was performed using 
one-way ANOVA, followed by comparison among class means and Student's 
/ test, corrected for multiple pairwise comparisons between means. 

RESULTS 

Radiolabeling. "*In-Iabeling efficiency of the different peptides 
and radioiodination efficiency of [Tyr'joctreotide ranged from 97 to 
100%. 

In Vitro Recepitor Binding Studies. Table 1 shows that unlabeled 
peptides had high and specific binding for the octreotide-binding 
receptors (mostly sst2) on AtT20 membranes; the IC50 values were all 
in the nanomolar range. [DOTA^Tyr'joctreotide showed the highest 
affinity. 

In Vitro Internalization Studies. Table 2 shows specific internal- 
ization, that is, total internalization corrected for internalization in the 



presence of a bloc]|A|ose of octreotide of the * ' * In-labeled peptides 
in the octreotide ^ptor-positive rat pancreatic cell lines after a 
60-min incubation at 37°C. Data were expressed as percentages of 
specific internalization of ['^^I-Tyr^]octreotide. As is shown, inter- 
nalized radioactivity of [* * 'ln-DTPA°.Tyr^]octreotate was the highest 
of the compounds tested, whereas that of ["*In-DTPA**,D- 
Tyr'joctreotide was the lowest. 

Tissue Distribution in Rats. Fig. 2 presents radioactivity in oct- 
reotide binding receptor-posidve (mostly sst^) organs, including pan- 
creas, adrenals, pituitary, and CA20948 rat pancreatic tumors, 4, 24, 
and 48 h after injection of the radiolabeled peptides. Uptake in Oiese 
octreotide receptor-expressing organs at the time points tested was 
highest for [**'ln.DTPA°Tyr^]octreotate and lowest for ['*'ln- 
DtPA°,D-Tyr ^ ]octreotide. 

Table 3 shows that uptake of 'In-labeled peptides in these oct- 
reotide receptor-positive target organs represented mostly specific 
binding to the octreotide receptors because uptake was decreased to 
less than 1% of control by pretreatment of the rats with 0.5 mg of 
unlabeled octreotide, except for ["'ln-DTPA°D-Tyr']octreotide, for 
which uptake was decreased to about 30% of control 

In Table 4, radioactivity in octreotide receptor-negative organs and 
blood 24 h after injection of the tested ^ * ' In-labeled peptides is shown. 
Clearance from the blood was rapid, and comparable for all peptides. 
The radiolabeled peptides were excreted in the urine very rapidly and 
mostly intact; over 95% of the excreted radioactivity after 24 h was 
intact radiolabeled peptide (data not shown). Furthermore, the low 
uptake of V ^ *In-DTPA°,Tyr^]octreotate in the Uver is worth mention- 
ing, which is favorable, especially in combination with the rapid blood 
clearance and high uptake of this compound in the target organs. 

The data obtained in vivo, as shown in Fig. 2 and Table 4, are 
summarized in Fig. 3, in which the AUC (h'%ID/g) for each group 
between 4 and 48 h post injection is shown. The top panel shows that 
radioactivity/g tissue in this time period was low in blood, liver, and 
spleen and higher in kidneys, tumor, and octreotide receptor (sstj)- 
positive organs. The bottom panel shows the same data but expressed 
as percentage of the AUC of [" *In-DTPA°]octreotide in the different 
organs. In the sstj-negative organs, AUC is comparable for the pep- 
tides, except for the low liver AUC of *In-DTPA° Tyr^Joctreotate. 
In the sst2-positive organs, the AUC of [' ' 'ln-DTPA^Tyr^]octreotate 
is the highest. 

DISCUSSION 

Compared to '^^I-Tyr'-octreotide, [" *In-DTPA°]octreotide was 
the preferred analogue for in vivo scintigraphy because it has several 
advantages: general availability, simple one-step mediod of radiola- 
beling, longer physiological half-life in plasma, and a more suitable 
metabolism (5). A new field of application of radiolabeled SS ana- 



Table 2 Comparison of specific internalization of ^ ' In-DTPA^ Joctreotide 
r ' ln-DTPA^,D-Ty]octreotide, ' ^ In-DTPA° ,Tyf^ ]octreotide, 
r"ln-DTPA°JyT^]octreotate, and ^ ' In-DOTA^,Tyi^ Joctreotide 
after a 60-min incubation at 3T*C 
Data for each experiment expressed as percentage of specific ['^I-Tyr'joctreotide 
internalization (range, 6.5 ± 0.8%-9.2 ± 1.1% dose) tested in the same experiment. Data 
are the means of those obtained in at least two different experiments in the two octreotide 
receptor-positive cell lines used (CA20948 and AR42J). 



Compound 



['^I-Tyr'joctreotide 

['*'ln-DTPA**]octreotide 

[* ' *ln-DTPA VTyr*]octreotide 

('"ln-DTPA°Tyr*]octreotide 

[' * 'in-DTPA^Tyr^Joctieotate 

[ ' ' 'ln-DOTA*^.Tyr^]octreoUde 



Mean (SD) 



< 0.001 versus [*"l-Tyr^]octreotide. 



100 (12) 
8.2(0.7)^ 
2.2(1.1)'' 
40.2 (4.5)*' 
211.5(12)" 
14.6(1.1)" 
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Fig. 2. Radioactivity in octreotide receptor-expressing organs 4, 24, and 48 h after injection of the ' "In-labeled peptides in rats. Columns, mean %ID/g (;r > 6) 
determined; DTPAOC [DTPA^'joctreotide; DTPATJOC, [DTPA°,D-Tyr']octreotide; DTPAT30C, [DTPA°,Tyr^]octreotide; DTPAT3TATE, tDTPA° Tyr*loctiec 
[DOTAMyr^loctTBoUde. P < 0.001 versus [>"ln-DTPA<*]octreotide, for all time points tested. 



bars. SE. ND, not 
tDTPA°Tyr^]octieotate: D0TAT30C, 



Table 3 Radioactivity in SS receptor-positive organs of octreotide-pretreated rats 24 h 
after administration of the ^ In-labeled peptides 
Labeled compound was injected 30 min after s.c. injection of 0.5 mg of unlabeled 
octreotide or vehicle (control). Tissue radioactivity in octreotide-pretreated rats is ex- 
pressed as a percentage of that in controls [for each group n s 6 mean (SE)J. 



Treatment 


Pituitary 


Pancreas 


Adrenals 


Tumor 


[DTPA°octreotide 
[DTPA^'.D-Tyr ' Joctrcotide 
[DTPA°,Tyr^Ioctreotide 
[DTPA°,Tyr^]octreotatc 
[DOTA**,Tyr^]octreotide 


6.9 (0.7)" 
22.2 (4.5)" 
4.7 (0.4)" 
3.2 (0.4)" 
1.6(0.04)" 


3.5(0.03)" 
27.9(1.4)" 
0.9 (0.03)" 
2.6 (0.4)" 
1.0(0.02)" 


1.5 (0.02)" 
29.6(1.1)" 
4.0 (0.3)"' 
0.7(0.1)" 
1.0 (0.04)" 


4.3 (0.3)" 

4.8 (0.4)" 
6.3(0.9)" 
3.6 (0.3)" 



" P < 0.001 versus control. 
^ ND, not determined. 



logues is the use of radiolabeled peptide for radionuclide therapy of 
receptor-positive lesions. Currently, this application was explored 
successfully by repeated administration of high doses of [*''In- 
DTPA^octreotide in humans (8). However, a )3~ particle emitter, 
such as may, in certain cases, appear more suitable for this 
purpose than the Auger electron emitter ' * *In. Radiotherapeutic use of 
^^-labeled peptide will lead to a higher and more evenly distributed 
radiation dose to the tumor because of its larger particle range and 
tissue penetration. Even tumors with an nonhomogeneous cellular 
distribution of receptors, such as breast tumors, may respond favor- 
ably to treatment with such a ^°Y-labeled radiopharmaceutical, 
whereas treatment with "*In-labeled peptide will not be successful 
because of the particle range of the Auger electrons, which is only 
about one cell diameter. Because ^-DTPA is unstable, introduction 
of the DOTA chelator was necessary, enabling stable radiolabeling 
with and "^In. 

We investigated receptor binding, internalization and biodistribu- 
tion characteristics of several SS analogues, all labeled with 
"'In: [DTPA°]-octreotide, [DTPA°Tyr^]octreotide, [DTPA°,D- 
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Tyr^loctreotide, [DOTA°Tyr^]octreotide, and [DTPA°,Tyr^]- 
octreotate. Phe residues were replaced with Tyr to increase the hy- 
drophilicity of the peptides. Furthermore, [DTPA°,Tyr^]octreotate. 
with the C-terminal threonine, was synthesized to investigate the 
effects of an additional negative charge on clearance and cellular 
uptake. 

For the siiccess of radionuclide therapy, it is important that the 
radiopharmaceutical is intemalized by the tumor cells after binding to 
the receptor. Internalization of l'''ln-DTPA°]octreotide into human 
neuroendocrine tumor cells was described recently (15). Here, we also 
observed specific internalization of the tested In-labeled peptides. 
Intemalized radioactivity of all radiolabeled peptides was higher than 
that of t*^*In-DTPA°]octreotide, except tiiat of ["'ln-DTPA°,D- 
Tyr']octreotide. 

The results of the in vitro binding studies demonstrated that all 
unlabeled peptides showed high and specific binding for the oct- 
reotide receptors. In vivo, uptake of the * ' ^In-labeled peptides in 
octreotide receptor-expressing tissues was also demonstrated to be 
highly specific. Our findings further showed that specific uptakes of 
■**In-labeled [DTPA°Tyr^]octreotide, [DOTA°,Tyr^]octreotide, and 
[DTPA°,Tyr^]octreotate in octreotide receptor-expressing tissues 
were significantiy higher than that of [' "ln-DTPA°]octreotide at the 



Table 4 Radioactivity in SS receptor-negative organs and blood of rats 24 h after 

administration of the ^ In-labeled peptides 
Tissue radioactivity is expressed as %ID/g [for each group n > 6, mean (SE)]. 



Treatment 


Blood 


Liver 


Kidney 


Spleen 


[DTPA°]octreotide 
[DTPA°,D-Tyr' ]octreotidc 
[DTPA^'.Tyr^joctrcotide 
[DTPA°,Tyrhocireotate 
[DOTA°Tyi^]octreotide 

a n ^ rxr^A flllT- 


0,003 (0.000) 
0.003 (0.001) 
0.003 (0.001) 
0.003 (0.000) 
0.002 (0.001) 

T^TTT.^Ol. 


0.05 (0.003) 
0.03 (0.001)" 
0.06 (0.004) 
0.02(0.001)" 
0.05 (0.000) 


1.91 (O.ll) 
1.52(0.05)" 
1.39 (0.08)" 
1.96(0.11) 
2.32(0.13)" 


0.03 (0.002) 
0.03 (0.002) 
0.03 (0.002) 
0.02 (0.001) 
0.04 (0.001) 



500 



400 



^300 
9 

o200 
i 



100 



EVALUATION OF RADIOLABELED SOMATOSTATIN ANALOGUES 



□DTPATIOCUDTPAOC ^DOffroC gDTPATOC Sdtpatate 




sstj-neg sstj-pos 
□dtpatioc Idtpaoc ^dotatoc Sdtpatoc Sdtpatate 




JO^ jSlf' c 



sstj-neg 



sstj-pos 



^ ^ Fig. 3. Top, AUC of radioactivity between 4 and 48 h after injection of the different 
In-labeled peptides in rats. Columns, mean h-%ID/g. DTPAOC [DTPA^loctreotide- 
DTPATIOC, [DTPA°,D-Tyr']octreotide: DTPAT30C, tDTPA° Tyr^loctreotide- 
DTPAT3TATE, [DTPA°Tyr^]octreotate: D0TAT30C, [DOTA°,Tyr^]oc^otide Bottom 
same as top, except data represent percentoge of [DTPA^'joctieoUde AUC (columns), 

time points tested. Uptake of ["*In-DTPA°,D-Tyr^]octreotide was 
significanUy lower, in accordance with the lower internalization rate 
found in vitro. In our in vivo animal model, [*^*In- 
DTPA° Tyr^]octreotate showed the highest uptake in the octreotide 
receptor-positive organs and tumor of the ***In-labeled peptides 
tested, also in accordance with the in vitro internalization studies. 
Because blood radioactivity was comparable for all radiolabeled pep- 
tides, we also found that ["*In-DTPA° Tyr^Joctreotate had the high- 
est tumor-to-blood ratio. Uptake of [DTPA^Tyr^Joctreotide was 
higher than that of [DOTA°.Tyr^]octreptide. both in vitro and in vivo, 
in the -octreotide receptor-positive organs; however, uptake in the 
target, the tumor, was not significantly different for these two radio- 
labeled peptides; therefore, the therapeutic index of [Tyr^]octreotide 
has not been impaired significantly by the replacement of DTPA for 
DOTA, necessary for studies (1 1). We are currentiy investigating 
the relationship of the injected peptide mass and uptake in target 
organs for these two peptides to further elucidate the consequences of 
the DTPA-to-DOTA replacement. 
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At radiotherape^^vels. die high uptake of radioactivity in the 
octreotide receptor-positive normal organs, such as adrenals and pi- 
tuitary, should also be considered. We are performing radionuclide 
therapy studies in normal rats with [DOTA° Tyr^]octreotide radiola- 
beled with different radionuclides to investigate possible radiotoxic 
effects on normal organs. However, until now, no radiotoxicity was ' 
found in these organs. 

The ***In-labeled peptides are rapidly cleared from the body, 
mostly by the kidneys. However, a significant amount of the dose 
accumulated in the kidneys, reducing both the scintigraphic sensitivity 
for detection of small tumors in the perirenal region in the abdomen 
and the application for radionuclide therapy. It has been reported that 
renal accumulation of peptides or proteins labeled with radiometals 
can be reduced by both l- and D-lysine (16-19). Recently, we de- 
scribed that D-lysine administration resulted in a significant reduction 
of labeled [DTPA°]octreotide. [DTPA^Tyr^Joctreotide, and 
[DOTA**,Tyr^]octreotide uptake in the kidneys without affecting up- 
take in receptor-positive tissues, which is favorable for both visual- 
ization of lesions in the kidney region and for radionuclide therapy, 
thus bringing these applications further witiiin reach (10). 

It can be concluded that '"in-labeled [DTPA^Tyr^Joctreotide and, 
especially, [DTPA° Tyr^Joctreotate and their DOTA-coupled counter- 
parts are most promising for scintigraphy and, after coupling to 
therapeutic radionuclides, for radionuclide therapy of octreotide re- 
ceptor-positive tumors in humans. 
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Previous studies have shown that modification of the somatostatin analogue octreotide (OC) 
by substitution of tyrosine for phenylalanine at position 3 and of a C-terminal carboxylic acid 
for an alcohol, to give Tyr^-octreotate (Y3-TATE) improved uptake of the peptide in somatostatin 
receptor-positive tissues. To determine which substitution best accounts for increased target 
tissue uptake, the peptides containing single modifications. Tyr^-octreotide (Y3-OC) and 
octreotate (TATE), were synthesized. These peptides were conjugated to the macrocyclic 
chelating agent 1.4,8.1 l-tetraa2acyclotetradecane-A^A/'.Ar'.A/'"-tetraacetic acid (TETA) and 
radiolabeled with ^^CuiJJ). The in vitro receptor binding, in vitro tumor cell uptake, and in 
vivo distribution properties of ^Cu-labeled TETA-Y3-0C and TETA-TATE were compared to 
those of P^Cu]TETA.OC and PCu]TETA-Y3-TATE. Cu-TETA-TATE aCso = 0.297 ± 0 0055 
nM) and Cu-TETA-Y3-TATE (IC50 = 0.308 ± 0.0375 nM) displayed significantly higher binding 
affinity to somatostatin receptors on CA20948 rat pancreatic tumor membranes than Cu-TETA- 
Y3-0C (IC50 = 0 397 ± 0.0206 nM) and Cu-TETA-OC gCso = 0.498 ± 0.039 nM). Similarly, 
the uptakes of («^Cu]TETA-Y3-TATE (60.75 ± 1.21%) and [^^CulTETA-TATE (55.62 ± 0.16%) 
into AR42J rat pancreatic tumor cells over a 2-h time period were higher than those of f^^Cul- 
TETA-Y3-0C (47.20 ± 1,20%) and I«^Cu]TETA-OC (34.07 ± 2.24%), The in vitro resute su^eit 
that the C-terminal carboxylate may contribute more to enhanced receptor binding and tumor 
cell uptake than the substitution at the 3-position. Biodistributions in CA20948 tumor-bearing 
rats showed receptor-mediated uptake of the ^^Cu-labeled peptides in somatostatin-rich tissues 
including the pituitary, adrenals, pancreas, and tumor. The structure-activity relationships 
?f ^tll^?"^ *»^Cu-labeled peptides did not show consistent trends in all target tissues, but 
Cu]TETA-Y3-TATE exhibited tumor uptake 1 .75-3.5 times higher than the other derivatives 
at 4 h postinjecUon, The greater tumor retention of t^Cu]TETA-Y3-TATE justifies the selection 
of this agent for future PET imaging and targeted radiotherapy studies. , 



Introduction 

The targeting of somatostatin receptors with radio- 
labeled peptides has led to the development of agents 
for both diagnostic imaging and radiotherapy of cancer. 
Octreotide (OC). an 8-amino acid analogue of soma- 
tostatin, has been radiolabeled and used to image 
somatostatin receptor-positive tumors in humans by 
positron emission tomography (PET) and single photon 
emission computed tomography (SPECT). For these 
purposes, somatostatin analogues have been labeled 
with a number of P^- and y-emitting radionuclides, 

. "Abbreviations: DTPA. diethylenetriaminepentaacetic add; DOTA 
1,4.7,1 0-tetraazacyclododecane- A:,A^', A:"-tetraacetlc acid; TETA,' 
1,4,8,1 l-tetraa2acydotetradecane-A^Ar,A:',A^"-tetraacetic add* Y3 ty- 
rosine.3; OC. octreotide; TATE, octreotate: MALDI FTMS, matrix- 
assisted laser desorption- ionization Fourier transform mass spec- 
trometry, 

* Correspondence to: Carolyn J. Anderson, Ph.D. Phone: (314) 362- 
8427. Fax: (314) 362-9940. E-mall: andersoncJ@mirlink.wustl.edu. 

^ Washington University School of Medicine. 

* Mallinckrodt, Inc. 



including ^*^In. ^"Tc. 68Ga, e^Cu. isp. and 
In the United States and Europe. ^*^In-DTPA-OC (In- 
Ill Pentetreotide) is approved for routine clinical use 
in the diagnosis of neuroendocrine cancer. In addition, 
widespread interest in targeted radiotherapy has led to 
the labeling of somatostatin analogues with a variety 
of cytotoxic radionuclides. For example, [^^^Tb]DTPA- 
OC? pY]DTPA-OC.io [>88Re]RC-160." rYJDOTA-Tyr^- 
OC.»2.i3 [64Cu]TETA-OC.i4 and [^^CulTETA-TyrS-TATEis 
are being evaluated for radiotherapeutic efficacy in 
animal models and clinical trials. 

Copper-64 {txiz = 12.7 h. ^+ = 0.655 MeV (19,3%). fi- 
= 0.573 MeV (39.6%)) is an attractive radionuclide for 
both PET imaging and radiotherapy. Large quantities 
of high-specific activity ^Cu can be produced on demand 
using a biomedical cyclotron. The applications of ^^Cu 
for PET imaging and targeted radiotherapy through 
attachment to biologically active molecules have been 
reviewed. 17 The first e'^Cu-labeled somatostatin ana- 
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logue. [^^Cu]TETA-D-Phei-octreotide (p^Cu] TETA-OC). 
displayed high-affinity somatostatin receptor binding in 
vitro and in vivo.^ Evaluation of this agent in eight 
neuroendocrine cancer patients showed that PET imag- 
ing with [64Cu]TETA-OC detected more lesions than 
y-scintigraphy using ["^InJDTPA-OC.is Subsequent 
evaluation of the therapeutic efficacy of [^^CuJTETA- 
OC has demonstrated growth inhibition of somatostatin 
receptor-positive tumors in rats at doses exhibiting 
minimal toxicity.*^ 

Studies have shown that subtle modification of the 
octreotide peptide leads to improved uptake in receptor- 
rich tissues. The substitutions of a tyrosine (Y) for 
phenylalanine (F) in the 3-position and of a C-terminal 
carboxylic acid for an alcohol improved uptake of the 
peptide in adrenals, pancreas, pituitary, and tumor. ^^-^^ 
These findings were confirmed by our own studies 
where [^^CulTETA-D-Phei-Tyr^-octreotate ([^Cu]TETA- 
Y3-TATE) demonstrated significantly greater uptake 
than [64Cu]TETA-OC in the somatostatin-rich tissues 
of two tumor-bearing animal models.22 

In the current investigation, we examined the effects 
of single modifications to the octreotide peptide on target 
tissue uptake, to determine which alteration best ac- 
counts for the improvements observed with [^CuJTETA- 
Y3-TATE. The substitution of the tyrosine for pheny- 
lalanine in the 3-position afforded the peptide Tyr^- 
octreotide (Y3-0C). and changing the C- terminus from 
an alcohol to a carboxylic acid produced the analogue 
Phe3-octreotate (TATE). Both of these peptides were 
subsequently conjugated to TETA {1.4,8.11-tetraazacy- 
clotetradecane- MN,N\JV''-tetraacetlc acid) and radio- 
labeled with fi^Cu. We studied receptor-mediated uptake 
of these two peptides in vitro and in a tumor-bearing 
animal model and compared the results to those ob- 
tained with s^Cu-labeled TETA-OC and TETA-Y3- 
TATE. 

Results 

Synthesis and Radiolabeling of Peptides OC Y3- 

OC. TATE, and Y3-TATE (Figure 1) were synthesized 



by the solid-phase Fmoc method and conjugated with 
the 1-hydroxybenzotriazole ester of tri-ter^-butyl TETA 
on the resin. It should be noted that while these peptides 
have what is termed TETA conjugated to them, the 
TETA in use is actually a monoamide derivative of 
TETA wherein one of the carboxyiates has been used 
to form an amide bond with the peptide. After reversed- 
phase HPLC. all peptide conjugates were isolated in 90- 
96% purity. The exact masses of the peptides were 
confirmed by high-resolution MALDI FTMS. which 
showed errors of 0.2-6 ppm between observed and 
calculated values. The 64Cu-labeled peptides were ob- 
tained in >98% radiochemical purity, as determined by 
radio thin-layer chromatography (radio-TLC). in specific 
activities ranging from 0.5 to 2.5 mCi/ue (18.5-92 5 
MBq///g). 

Receptor Binding Assays. The displacement of 
I^'^CuJTETA-OC by the natural copper complexes of 
TETA-OC. TETA-Y3-TATE. TETA-Y3-0C. and TETA- 
TATE on rat CA20948 pancreatic tumor cell membranes 
is shown by the curves presented in Figure 2. All four 
unlabeled conjugates bound specifically to somatostatin 
receptors with high affinities. IC50 values were 0.308 ± 
0.0375 nM for Cu-TETA-Y3-TATE. 0.397 ± 0.0206 nM 
for CU-TETA-Y3-0C. and 0.297 ± 0.0055 nM for Cu- 
TETA-TATE. The value for Cu-TETA-OC. was previ- 
ously reported to be 0.498 ± 0.039 nM.^* 

AR42J Cell Uptake Studies. The uptakes of ^^Cu- 
labeled TETA-Y3-TATE. TETA-Y3-0C. TETA-OC and 
TETA-TATE into AR42J rat pancreatic tumor cells 
during a 2-h incubation at 37 °C are shown in Figure 
3. The somatostatin receptor density (Bma^ on AR42J 
cells was previously determined by our group to be 148.8 
fmol/mg of protein.23 Thus, under the conditions em- 
ployed, cell uptake was measured at a 10-fold molar 
excess of somatostatin receptor to peptide. At 15 min, 
accumulation of [e^CuJTETA-OC in AR42J cells was 
10.23 ± 2.38% of the total activity administered, with 
uptake increasing to 34.07 ± 2.24% at 2 h. Uptakes of 
e^Cu-labeled TETA-Y3-0C and TETA-TATE were simi- 
lar at 15 min (22.77 ± 2.38% and 20.36 ± 1.89%. 
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Figure 2. Displacement curves of [®^Cu]TETA-OC from 
CA20948 rat pancreatic tumor cell membranes. Results rep- 
resent the mean of quadruplicate measurements using "^*Cu- 
TETA-OC (□), "-^u-TETA-Y3-TATE (a). "«*Cu-TETA-Y3-0C 
{-). or '"^u-TETA-TATE (v). 
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Figure 3. Percentage uptake of p^CuJTETA-OC (□). \^CuV 
TETA-Y3TATE (a). I^Cu]TETA-Y3-0C (O), and (<^Cu]TETA- 
TATE (V) into AR42J cells over time. 

respectively) but differed signiflcantiy at 2 h (47.20 ± 
1.20% and 55.62 ± 0.16%. respectively). Both f^^Cul- 
TETA-Y3-0C and [e^CuJTETA-TATE exhibited signifi- 
cantly greater accumulation in AR42J cells than [^^Cu]- 
TETA-OC at all time points. Uptake of [^^CuJTETA-YS- 
TATE was 34.68 ± 2.53% after 15 min and continued 
to increase to 60.75 ± 1.21% at 2 h. Over the 2-h 
experimental period, [^^eulTETA-YS-TATE showed the 
greatest accumulation of the four analogues in AR42J 
cells. Compared to the other derivatives, the increased 
uptake of [«^Cu]TETA-Y3-TATE was statistically sig- 
nificant at all time points, with the exception of f^^Cul- 
TETA-TATE at 2 h. . 

Animal Biodistribution Studies. The uptakes of 
P^CulTETA-Y3-0C and [e^CuJTETA-TATE in pancreas, 
adrenals, liver, and tumor are shown in Figure 4. For 
comparison, previously published biodistribution data 
for [64Cu]TETA-Y3-TATE22 and [s^CuJTETA-OC^ are 
also presented in Figure 4. The results represent 
biodistributions performed with a similar mass of each 
radiolabeled peptide (5-8 ng). The results of blocking 
experiments, using either Y3-TATE or OC to compete 
with the receptor-mediated uptake of [®^CulTETA-Y3- 
TATE, are shown in Figure 5.. 
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Both [64Cu]TETA-Y3-OC andf ^CuJTETA-TATE dis- 
played rapid blood clearance after 1 h. The nontarget 
organs, e.g.. kidney, brain, and liver, showed similar 
uptake for all four peptide conjugates, with no signifi- 
cant differences. The receptor-rich tissues (adrenals, 
pancreas, pituitary, and tumor) did not show any 
significant difference in uptakes between [^^CuJTETA- 
Y3-0C and [^^CuJTETA-TATE (adrenals. 8.01 ± 1 61% 
ID/g vs 5.93 di 1.20% ID/g; pancreas, 4.45 ± 0.96% ID/g 
. vs 5.13 ± 0.92% ID/g; pituitary. 3.41 ± 0.76% ID/g vs 
3.69 ± 0.80% ID/g; tumor. 2.17 ± 0.66% ID/g vs 1 76 ± 
1.15% ID/g, respectively). 

[^Cu]TETA-Y3TATE had higher uptake in all recep- 
tor-rich tissues (except adrenals) than did the other 
analogues at 1 h (adrenals, 9.07 ± 1.24% ID/g; pancreas 
9.35 ± 1.66% ID/g; pituitary, 6.47 ± 1.77% ID/g; tumor' 
2.37 ± 0.44% ID/g) {p < 0.001). The trend of adrenal 
uptakes revealed that ^^Cu-labeled TETA-Y3-0C and 
TETA-Y3-TATE had higher accumulation at 1 and 4 h 
postinjection than the corresponding Phe^ analogues. 
With the exception of the tumor, [®^Cu]TETA-Y3-TATE 
[64CUJTETA-Y3-OC. and [^^CuJTETA-TATE all demos- 
trated at least 2-fold higher uptake than PCuJTETA- 
OC in receptor-positive organs. At 1 h, tumor uptakes 
of [64Cu]TETA-Y3-OC and FCu]TETA-TATE were simi- 
lar to the values obtained with [®^Cu]TETA-Y3-TATE 
and [64Cu]TETA-OC. However, at 4 h. the tumor uptake 
of [64Cu]TETA-Y3-TATE (2.22 ± 0.26% ID/g) was sig- 
nificantly higher than that of [®^Cu]TETA-Y3-0C (1 28 
± 0.25% ID/g) and [^'^CuJTETA-TATE (0.63 ± 0.52% ID/ 
g), as well as the tumor uptake of [®^Cu]TETA-OC at 3 
h (0.63 ± 0.05% ID/g). 

In the ligand competition experiments, more than 
90% of the uptake of [®^Cu]TETA-Y3-TATE in soma- 
tostatin-rich tissues was blocked with a co-injection of 
either unlabeled Y3-TATE or unlabeled OC. At 1 h co- 
injection of Y3-TATE decreased the pancreatic uptake 
of [e^Cu]TETA-Y3-TATE significantly more than co- 
injection of OC (0.15 ± 0.02% ID/g vs 0.76 ± 0.13% ID/ 
g, respectively) (p < 0.005). The same trend is seen in 
the adrenals (0.17 ± 0.02% ID/g for Y3-TATE and 0.26 
± 0.09% ID/g for OC) and the tumor (0.22 ± 0.02% ID/g 
for Y3-TATE and 0.64 ± 0.10% ID/g for OC) at 1 h 
postinjection, Interestingly, the bone also shows recep- 
tor-mediated uptake of [64Cu]TETA-Y3-TATE. Using 
Y3-TATE as the blocking agent, bone uptake was 
decreased from 0.61 ± 0.08% ID/g to 0.09 ± 0.02% ID/g 
at 1 h; a blocking dose of OC decreased the bone uptake 
to 0.13 ± 0.02% ID/g at the same time point. Co-injection 
with blocking peptides did not have a significant effect 
on uptake in nontarget organs. 

Discussion 

[®^Cu]TETA-OC is currently being investigated for 
clinical PET imaging of neuroendocrine cancer. Pre- 
liminary results with this compound are encouraging 
in that more tumors have been visualized with this 
agent than with [i^iIn]DTPA-OC, [B^CuJTETA-OC has 
also been evaluated for targeted radiotherapy in a 
tumor-bearing rat model, However, it suffers from the 
disadvantages of less than optimal blood clearance and 
rapid tumor clearance. On the basis of previous results 
obtained with "*In-labeled octreotide analogues 20.21 ^e 
have evaluated [^Cu]TETA-Y3-TATE in vitro and in 
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fe^A Y.°*^T4^^""°'? ^ I"Cu]TETA-Y3-TATE. 
^^C^lTlrtYVTl^l'^T-'r^^^^ 150^8 of Y3-TATE. and 
1 LUJTETA-Y3-TATE co-inJected with 1 50 ua of OC in Lewis 

TJX'^ CA20948 rat pancr^aac tumors'! Vt!.^da^ S 
tiom (SD) are mdicated; all data were corrected for radiodecay. 

two animal models as a potential agent for PET imae- 
ing and targeted radiotherapy. ["Cu]TETA-Y3- 
TATE demonstrated rapid blood clearance in CA20948- 

i f M ■ Y^^^^^L '""lorrblood ratios were over 

4-fold higher at 1 h for ["Cu]TETA-Y3-TATE 

'"^S^''^^^-'^^'^^ ^'^^"^ the parent com- 
pound. I6^Cu]TETA-0C, by the substltutior^ of tyrosine 
for phenylalanine in the 3-posltion and a C-termlnal 
carboxy 10 acid for an alcohol. The current study was 
undertaken to determine how these modifications con- 
tritsute to the Increase in uptake of ["CujTETA-YS- 
TATE in receptor-rich tissues. Two peptides TETA- 
TATE andTETA-Y3-0C. were synthesiLd. ra^olaSed 



with Cu. and evaluated in Lewis rats bearing CA20948 
T^Tvf ^"""P^^y t° the parent peptide OC. 

TETA-Y3-0C contains the substitution of tyrosine in the 

3-pos tion while TETA-TATE incorporat^the chLge 
in C-termmus from an alcohol to an acid. 

In vitro receptor binding studies showed that all 
peptides evaluated bound specifically to somatostatin 
receptors on CA20948 membranes with high relative 
atliniues. The parent compound. Cu-TETA-OC. had the 
lowest affintity for the receptor, while Cu-TETA-Y3- 

J^7e?A Y3 O?^^^'^^^'^ ^'^'^-^ 
CU-TETA-Y3-0C exhibited a lower affinity for the 

receptor than the TATE derivatives, but its ICso value 
was still significantly lower than that of Cu-TETA-OC 
These results suggest that the C-terminal modification 
may contribute more to high-affinity receptor binding 
than the substitution at position 3. 

The AR42J rat pancreatic carcinoma cell line is also 
known to e^^ress somatostatin receptors both in vitro 
and in vivo To evaluate and compare the cellular 
uptake of the radiolabeled peptides in vitro, the AR42J 
cell hne was utilized. Under the conditions employed 
the mass of each peptide added was identical, and the 
somatostatin receptor concentration was 10-fold greater 
than the peptide concentration. Therefore the results 
obtain^ are a direct comparison of the accumulation 
rates of the analogues and likely represent a combina- 
tion of membrane binding, internalization, and cellular 

[StctI Y^TfrTrw '^"^^^'^ that 
I ^^3-TATE had the highest uptake in AR42J 

cells, followed by ["Cu]TETA-TATE. ["Cu]TETA-Y3. 
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OC, and [^^CuJTETA-OC in descending order. As in the 
case of the receptor binding studies, these results 
showed that the C-terminal carboxyl modification makes 
a greater contribution to increased cell uptake than the 
substitution at position 3. 

The results of the cell uptake studies are in agreement 
with the findings of de Jong et al, 20.26 ^^ho reported that 
the amounts of ^In-labeled somatostatin analogues 
internalized into CA20948 and AR42J cells followed the 
trend DTPA-Y3-TATE > DTPA-Y3-0C > D0TA-Y3-0C 
> DTPA-OC. While those studies distinguished between 
internalized and membrane-bound ligand. they did not 
include DTPA- or DOTA-TATE derivatives, so the 
individual contributions of the C-terminal and 3-position 
modifications could not be assessed. The studies by de 
Jong et al. were conducted at peptide concentrations as 
low as 100 pM. The results described here were obtained 
at peptide concentrations of exactly 30 pM to give a 
receptor:ligand molar ratio of 10:1. Receptor excess is 
desirable for comparison of cellular uptakes because it 
mimics the physiological conditions of tumor targeting 
in vivo. 

The rat biodistribution studies clearly demonstrated 
that the uptakes of [^^CuJTETA-YS-TATE, [^^CuJTETA- 
Y3-0C, and [^^CuJTETA-TATE in receptor-positive nor- 
mal tissues are significantly higher at 1 and 4 h than 
that of [64Cu]TETA-OC. The tyrosine-substituted ana- 
logues, [6^Cu]TETA-Y3-TATE and [S^CuJTETA-YS-OC, 
showed higher uptake in the adrenals than the corre- 
sponding phenylalanine-substituted derivatives. This 
finding suggests that the presence of the tyrosine 
residue may be responsible for increased adrenal up- 
take, possibly a result of the increased hydrophilicities 
of these peptides. In the pancreas and pituitary, [®^Cu]- 
TETA-Y3-TATE showed the highest uptakes at 1 h, 
while [64Cu]TETA-TATE and [64Cu]TETA-Y3-OC had 
similar intermediate uptakes, and [®^Cu]TETA-OC ex- 
hibited much lower uptakes than the other three 
analogues. In these target tissues, the combination of 
C-terminai and residue 3 modifications may have a 
synergistic effect on uptake. These observations are 
consistent with the findings of de Jong et aL.^o zi vvho 
showed increased target tissue uptake with "^In-labeled 
DTPA-Y3-0C and DTPA-Y3-TATE derivatives. 

The in vivo ligand competition experiments demon- 
strated that uptake of [^Cu]TETA-Y3-TATE is receptor- 
mediated in all target tissues. Moreover, Y3-TATE was 
generally more effective as a blocking agent than OC, 
a finding which may be attributable to its higher affinity 
for somatostatin receptors or differences in internaliza- 
tion rates or uptake kinetics. The same ligand competi- 
tion effect was also observed in bone, suggesting that 
bone uptake of [^4Cu]TETA-Y3-TATE was also receptor- 
mediated. 

Tumor uptakes of the four ^'^Cu-labeled octreotide 
analogues at 1 h were more similar than the uptakes 
in other target tissues. At this time point, [®^Cu]TETA- 
OC had the lowest tumor uptake. While [fi^CuJTETA- 
Y3-TATE had the highest accumulation in tumor at 1 
h, this value was not significantly different than those 
obtained with ^^Cu-labeled TETA-TATE and TETA-Y3- 
OC. However, at 4 h postinjection, tumor uptake of 
[64Cu]TETA-Y3-TATE was 1.75-3.5 Umes higher than 
those of the other analogues. The longer residence time 



Journal of Medial Chemistry, 1999. Vol 42, No. 8 1345 

of [64Cu]TETA-Y3-TATE in the tumor may increase its 
efficacy for targeted radiotherapy and Justify future 
therapy studies using this agent. 

It is evident from these investigations that modifica- 
tion of the 3-position amino acid and alteration of the 
C-terminus both contribute to increased target tissue 
uptake of ^^Cu-labeled octreotide analogues. While the 
structure-activity relationships of these four analogues 
do not show consistent uptake trends in all target 
tissues that identify the superior compound, the greater 
accumulation and retention of [^^Gu]TETA-Y3-TATE in 
tumor provide a rationale to select this agent for future 
targeted radiotherapy studies. We are continuing to 
evaluate the therapeutic efficacy of PCu]TETA-Y3- 
TATE in the CA20948 rat model in preparation for 
clinical trials. 

Experimental Section 

Materials. ^^Cu was produced on a biomedical cyclotron at 
Washington University School of Medicine by previously 
reported methods. All chemicals, unless otherwise stated, 
were purchased from Aldrich Chemical Co.. Inc. (Milwaukee, 
WI). All solutions were prepared using ultrapure water (18 
MQ-cm resistivity). Thin-layer chromatography was performed 
using Whatman MKCisF reversed-phase TLC plates with 10% 
ammonium acetate:methanol (30:70) as the mobile phase. 
Radio-TLC detection was accomplished using a BIOSCAN 
System 200 imaging scanner (Washington, DC). Radioactive 
samples were counted on a Beckman 8000 y counter (Irvine, 
CA). Adult male Lewis rats (230-290 g) were purchased from 
Harlan Sprague-Dawley, Inc. (Indianapolis, IN). The rat 
pancreatic tumor CA2094827 was obtained from the Tumor 
Bank at Biomeasure, Inc. (Hopkinton, MA) and was main- 
tained by serial passage in animals. 

Peptide Synthesis. Solid-phase peptide synthesis (SPPS) 
was performed on an Applied Biosystems model 432A "syn- 
ergy" peptide synthesizer employing the Fmoc (9-fluorenyl- 
methoxycarbonyl) method. Instrument protocol required 25 
//mol of subsequent Fmoc-protected amino acids activated by 
a combination of l-hydroxybenzotriazole (HOBt) and 2-(l//- 
benzotriazol- 1 -yl)- 1 , 1 ,3,3-tetramethyluronium hexafluorophos- 
phate (HBTU). The Fmoc-protected amino acids were pur- 
chased commercially unless otherwise stated; the prepacked 
amino acids were obtained from Perkin-Elmer (Norwalk, CT), 
while those unavailable in prepacked form, such as the 
D-amino acids and Fmoc-Cys(Acm), were supplied by BACHEM 
Bioscience, Inc. (King of Prussia, PA) or Novabiochem (San 
Diego, CA). Tri-rerf-butyl TETA was synthesized internally by 
a modification of the published procedure.^s Exact mass 
measurements on the peptide conjugates were performed by 
Mass Consortium (San Diego, CA), using an lonSpec Fourier 
transform ion cyclotron mass spectrometer with a 4,7-T 
superconducting magnet. Samples in 2,5-dihydroxybenzoic acid 
matrix were irradiated with a nitrogen laser OLaserScience, 
Inc.) operated at 337 nm. 

The synthesis of TETA-Y3-TATE, TETA-OC, TETA-Y3-0C, 
and TETA-TATE was accomplished by previously reported 
methods.22 The peptide conjugates were purified by reversed- 
phase HPLC, using a Vydac Protein & Peptide Cig column (2.2 
X 25 cm) and a linear gradient from 10% to 70% solvent B 
(solvent A, 0.1% TFA; solvent B, 0.1% TFA/90% CH3CN) over 
40 min at a flow rate of 10 mL/min. Detection was ac- 
complished at 230 nm. Pure fractions were identified by 
analytical HPLC using two diverse systems: system A, HPLC 
on a Vydac diphenyl (219TP54) column (0.46 x 25 cm) and a 
linear gradient from 2% to 98% solvent B (solvent A, 0. 1% TFA; 
solvent B, 0.1% TFA/CH3CN) over 100 min at a flow rate of 1 
mL/min, with detection at 214 and 280 nm; system B. reversed- 
phase HPLC on a Vydac Protein & Peptide Cis column (0.46 
X 25 cm), with detection at 214 nm. For TETA-Y3-TATE. 
TETA-Y3-OC, and TETA-TATE, analytical reversed-phase 
HPLC was performed using a solvent gradient starting with 
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0% solvent B for 2 min, followed by a linear gradient from 0% 
to 70% solvent B (solvent A, 0.1% TFA/5% CH3CN; solvent B, 
0.1% TFA/90% CH3CN) over 15 min at a flow rate of 0.5 mL/ 
min. For TETA-OC. analytical reversed-phase HPLC was 
carried out using a linear gradient from 5% to 70% solvent B 
(solvent A. 0.1% TFA; solvent B. 0.1% TFA/90% CH3CN) over 
15 min at a flow rate of 2 mL/min. The peptides were also 
analyzed by high-resolution MALDI FTMS. TETA-Y3-TATE: 
HPLC retention times = 33.0 min (system A), 1 1.2 min (system 
B); MALDI FTMS mlz z^iz6. for CeTHgsNMOigSz (M + H)+ = 
1463.6339, found 1463.6343. TETA-OC: HPLC retention times 
= 35.9 min (system A), 10.8 min (system B); MALDI FTMS 
wiz calcd for C67H97NMO17S2 (M + H)+ = 1433.6598, found 
1433.6609. TETA-Y3-0C: HPLC retention times = 32.5 min 
(system A), 1 1.1 min (system B); MALDI FTMS TTyzcalcd for 
CeyHsTNuOisSz (M + H)+ = 1449.6547. found 1449.6646. 
TETA-TATE: HPLC retention times = 36.3 min (system A), 
12.3 min (system B); MALDI FIMS /7/zcalcd for Ce/HgsNwOiBSa 
(M + H)+ = 1447.6390, found 1447.6404. 

Radiolabeling of Peptide Conjugates. The conjugated 
peptides were labeled with ^Cu(II) according to previously 
reported methods for the preparation of ["CuJTETA-OC^ and 
p4Cu]TETA-Y3-TATE.22 Briefly, 1-5 mCi (37-185 MBq) of 
^Cu in 0.1 M ammonium acetate, pH 5.5, was added to 1-10 
of the peptide conjugate in 0.1 M ammonium acetate. pH 
5.5. Gentisic acid (1 mg/mL) was added to the labeling mixture 
to counteract the effects of radiolysis. The solution was 
incubated for 1 h at room temperature. The radiolabeled 
peptide was purified on a C-18 SepPak cartridge, using 100% 
ethanol as the elution solvent, and radiochemical purity was 
determined by radio-TLC. 

Receptor Binding Assays. The receptor binding assays 
were performed using [^Cu]TETA-OC on membranes obtained 
from CA20948 tumors harvested from euthanized rats. The 
competing ligands, "«K:u-TETA-OC, •^'Cu-TETA-Y3-TATE 
"^^u-TETA-Y3-0C. and "-*Cu-TETA-TATE, were prepared by 
the reaction of high-purity natural copper acetate, using the 
same procedure described above for preparation of the ^Cu- 
labeled peptides. Purity of the final products were confirmed 
by HPLC, using the same method described for purification 
of the TETA conjugates, IC50 values were determined according 
to previously published methods, using the Millipore Mul- 
tiScreen assay system (Bedford, MA). Data analysis was 
performed using the programs GraFit (Erithacus Software, 
U.K.). LIGAND (NIH, Bethesda. MD), and GraphPad PRISM 
(San Diego. CA). Each data point represents the mean of four 
experimental values. 

Cell Uptake Studies. The apparatus and procedures for 
the cell uptake experiments are based on previously described 
methods.29'30 Briefly, the AR42J cell line was maintained by 
serial passage in monolayers in Dulbecco's modified Eagle's 
media (DMEM), supplemented with 10% fetal bovine serum, 
in a humidified 5% CO2 atmosphere at 37 'C. Viability of the 
cells and cell numbers were measured by trypan blue exclusion 
procedures using a hemacytometer. The cell viability before 
and after the experiments was determined to be >95% in all 
cases. Cells were harvested from monolayers with cell dis- 
sociation solution (Sigma Chemical Co., St. Louis, MO) and 
resuspended in fresh DMEM media at a concentration of 2 x 
10« cells/mL. An aliqout of 0.3 pmol of the radiolabeled peptide 
(1.1 1 //Ci of I"Cu]TETA-OC, ZXZixZi of [64Cu]TETA-Y3.TATE 
1.94 /iCi of [WCu]TETA-Y3-0C. or 1.93 //Ci of [6<Cu]TETA- 
TATE) was added to 10 mL of cells, which were incubated at 
37 *C with continuous agitation. At 1, 5, 15, 30, 45, 60, and 
120 min triplicate 200-;*L aliquots were removed smd placed 
in ice. The cells were immediately isolated by centrifugation. 
and the percent uptake of the compound into the cells was 
calculated as described.^** 

Animal Biodistribution Studies. Using a 21G Trocar, the 
somatostatin receptor-positive rat pancreatic tumor CA26948 
(l-mm3 piece) was implanted subcutaneously into the nape of 
the neck of male Lewis rats (230-290 ^. The tumors were 
allowed to grow for 10 days, until approximately 4 g in size. 
The ^Cu-labeled peptide conjugate (5.4 //Ci, 5 ng) was injected 



intravenously via the tail vein into CA20948 tumor-bearing 
Lewis rats. Animals were euthanized at 1, 4, and 24 h 
postinjection. The tumor, blood, lung, liver, spleen, kidney, 
muscle, fat, heart, brain, pituitary, bone, adrenals, pancreas! 
stomach, small intestine, upper large intestine, and lower large 
intestine were removed, drained of blood, weighed, and 
counted in a y counter. By comparison with a standard 
representing the injected dose per animal, the samples were 
corrected for radioactive decay, to calculate percent injected 
dose per gram (% ID/g) of tissue and percent injected dose per 
organ (% ID/organ), 
r Ligand Competition Experiments. p^Cu]TETA-Y3- 
TATE (5.4 //Ci, 5 ng) was injected intravenously via the tail 
vein into CA20948-bearing Lewis rats. Two additional groups 
of animals were co-injected with p^Cu]TETA-Y3-TATE (5,4 
//Ci, 5 ng) and eitiier 150 //g of unlabeled Y3-TATE or 150 /ig 
of unlabeled OC. All three groups of animals were sacrificed 
at 1 h postinjection, after which biodistributions were obtained 
as described above. 

Statistical Methods. To compare differences between the 
"Cu-labeled peptides, a Student's f-test was performed. Dif- 
ferences at the 95% confidence level (p < 0.05) were considered 
significant. 
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ABSTRACT 

*^Cu [7i;2= 12.8 h; = 0.655 MeV (19%); p" = 
0.573 MeV (40%)] has shown promise as a radioisotope for 
targeted radiotherapy. It has been demonstrated previously 
that the somatostatin analogue ^Cu-T£TA-octreotide 
(**Cu-TETA-OC, where TETA is 1,4,8,1 l-tetraazacyclotet- 
radecane-AVV^^A^Metraacetic acid) significantly inhib- 
ited the growth of somatostatin receptor-positive CA20948 
rat pancreatic tumors in Lewis rats (C. J. Anderson et aly 
J. NucL Med., 39: 1944-1951, 1998). In this study, we eval- 
uated the radiotherapeutic efficacy of a new ^Cu-1abeled 
somatostatin analogue, *^Cu-TETA-Tyr'-octreotate (^Cu- 
TETA-Y3-TATE), in CA20948 tumor-bearing rats. A single 
dose of 15 mCi (555 MBq) of *^Cu-TETA-Y3-TATE was 
shown to be more effective in reducing tumor burden than 
the same dose of *^Cu-TETA-OC. In multiple dose experi- 
ments, tumor-bearing rats were administered three doses of 
either 10 or 20 mCi (370 or 740 MBq) of *^Cu-TETA-Y3- 
TATE at 48-h intervals. Rats given 3 X 10 mCi (3 x 370 
MBq) showed extended mean survival times compared with 
rats given a single dose; however, no complete regressions 
occurred. Complete regression of tumors was observed for 
all rats treated with 3 x 20 mCi (3 X 740 MBq), with no 
palpable tumors for —10 days; moreover, the mean survival 
time of these rats was nearly twice that of controls. Toxicity 
was determined by physical appearance and hematological 
and enzyme analysis, which revealed no overt toxicity and 
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only transient changes in blood and liver chemistry. Ab- 
sorbed dose estimates showed the dose-limiting organ to be 
the kidneys. The radiotherapy results, along with absorbed 
dose estimates to target and clearance organs, confirm that 
^Cu-labeled somatostatin analogues warrant continued 
consideration as agents for targeted radiotherapy. 

INTRODUCTION 

Somatostatin analogues have been investigated for utility 
in scintigraphic and PET^ imaging of cancer in humans. For 
example, " *In-pentetreotide (*"ln-DTPA-octreotide; Refs. 1 
and 2) has been approved for routine clinical use in the diag- 
nosis of neuroendocrine cancer in the United States and Europe. 
Somatostatin, analogues have also been labeled with other ra- 
dionuclides and evaluated as possible radiotherapeutic agents. 
Targeted radiotherapy studies have been performed in animal 
models with somatostatin analogues labeled with ^**Y (3-5), 
'**In (6), and ^Cu (7) with varying degrees of success, and of 
these agents, *"ln-DTPA-octreotide (8-10) and ^**Y-DOTA- 
Tyr^-octreotide (^-SMT 487. '^-DOTATOC, or ^**Y- 
DOTA-Y3-OC; Ref. 11) are being investigated in ongoing clin- 
ical radiotherapy trials. 

Improvement in target tissue uptake of radiolabeled soma- 
tostatin analogues has been the focus of a number of studies. It 
has been shown that substitution of a tyrosine (Y) for pheny- 
lalanine (F) in the 3-position and changing the C-terminus from 
an alcohol to a carboxylic acid increases uptake of the peptide in 
receptor-rich tissues (12-14). This has been confimied by our 
ovrti studies, where ^Cu-TETA-Tyr^-octreotate (^Cu-TETA- 
Y3-TATE; Fig. 1) demonstrated significantly greater uptake in 
somatostatin-rich tissues in two tumor-bearing animal models 
(Lewis rats bearing CA20948 tumors and severe combined 
immunodeficient mice bearing AR42J tumors) compared with 
^Cu-TETA-octreotide (^Cu-TETA-OC; Fig. 1; Refs. 15 and 
16). 

*^Cu [T,f2 = 12.8 h; p-" - 0.655 MeV (19%); = 0.573 
MeV (40%)] has diverse applications in radiopharmaceutical 
chemistry for PET imaging (17) as well as therapy (7, 18). 
Moreover, ^Cu can be produced on demand in high yield and 
in high specific activity on a small biomedical cyclotron (19), 
making it a radionuclide available* to many medical institutions. 

We report herein an investigation into the radiotherapeutic 
potential of ^Cu-TETA-Y3-TATE in CA20948 tumor-bearing 



^ The abbreviations used are: PET, positron emission tomography; Y3, 
tyrosine-3; TETA, 1 ,4,8, 1 1 -tetraa2acyclotetradecane-y\^,ArX/^''-tet- 
raacetic acid; DTPA, diethylenetriaminepentaacetic acid; DOTA, 
1,4,7,10-tetraazacyclododecane- Ay^',A^,A^''-tetraacetic acid; OC, oct- 
reotide; TATE, octreotate; ALP, alk^ine phosphatase; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; ID/g, injected dose 
per gram; MIRD, medical internal radiation dose; ROI, region of 
interest. 
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rats, a model of somatostatin receptor-positive pancreatic can- 
cer. The therapeutic efficacy of ^Cu-TETA-Y3-TATE was 
compared with ^Cu-TETA-OC and control agents. In addition, 
hematological, liver, and kidney assays were performed to eval- 
uate the potential toxicity of the ^Cu-TETA-Y3-TATE. Human 
absorbed dose estimates for ^Cu-TETA-Y3-TATE were calcu- 
lated from both rat biodistribution data and PET imaging of a 
baboon. 

MATERIALS AND METHODS 

Synthesis of *^Cu-TETA-OC and *^Cu-TETA-Y3- 
TATE. *^Cu was produced on a biomedical cyclotron at the 
Washington University School of Medicine by methods re- 
ported previously (19). ^Cu-TETA-OC and ^Cu-TETA-Y3- 
TATE were prepared according to literature methods (15, 16, 
20), in specific activities ranging from 1.25 to 2.5 mCi/|jLg 
(46-93 MBq/pig). 

Animal Models. All animal experiments were conducted 
in compliance with the Guidelines for the Care and Use of 
Research Animals established by Washington University's An- 
imal Studies Conmiittee. The rat pancreatic tumor CA20948 
(21) was obtained from the Tumor Bank at Biomeasure, Inc. 
(Hopkinton, MA). Adult male Lewis rats (230-290 g) were 
purchased from Harlan Sprague Dawley, Inc. (Indianapolis, IN). 
The CA20948 cell line was maintained by serial passage in 
animals. In rat experiments, male Lewis rats were injected with 
a 1-mm^ tumor section of CA20948 tumor 10 days prior to 
treatment as described previously (7). 

Radiotherapy Experiments (Single Dose). Tumor- 
bearing rats (tumor volume, Q.3-1.0 cm^) were injected with one 
dose of 200 fjil of 0.1 m NH4OAC (buffer), 15 jig of TETA-Y3- 
TATE, 15.5 mCi (574 MBq) of "Cu-TETA-OC, or 15.5 mCi 
(574 MBq) of ^Cu-TETA-YB-TATE. The tumor volume was 
measured every 1-3 days (using calipers), and rats were sacri- 
ficed by administration of Metofane, followed by cervical dis- 
location, when the tumors reached a volume of -10 cm^ or 
became ulcerated. 



Radiotherapy Experiments (Multiple Dose). Two dif- 
ferent multiple dose protocol experiments were carried out. In 
the first experiment, one group of tumor-bearing rats (tumor 
volume, 0.3-1.5 cm^) received three 10-mCi (370 MBq) doses 
of ^Cu-TETA-Y3-TATE, with a control group receiving equiv- 
alent masses of unlabeled TETA-Y3-TATE. Rats were injected 
■ 10, 12, and 14 days after implantation of tumor cells. The 
second experiment was identical, except that the treated group 
of rats received three 20-mCi (740 MBq) doses of ^Cu-TETA- 
Y3-TATE 10, 12, and 14 days after implantation, and the 
control group received equivalent masses of unlabeled TETA- 
Y3-TATE on those days. Tumor volumes were meastired, and 
animals were sacrificed in a manner identical to that described 
for the single-dose radiotherapy experiments. 

Blood Chemistry. Hematological, liver, and kidney 
chemistries were studied for the group of tumor-bearing rats that 
received 3 X 20 mCi. These results were compared with those 
obtained from rats treated with control agents. In each group, 
anesthetized rats were weighed, and blood was removed by 
cardiac puncUire during the posttherapy survival period. Toxic- 
ity analysis was performed by the Diagnostic Services Labora- 
tory in the Department of Comparative Medicine at Washington 
University School of Medicine. The hematology analysis in- 
cluded WBC counts, RBC counts, platelet counts, as well as 
measurement of hemoglobin, hematocrit, and differential 
WBCs. Liver and kidney analysis included blood urea nitrogen, 
creatinine, ALP, ALT, and AST. 

Effect of Specific Activity on Biodistribution of Radio- 
labeled Peptide. To determine the effect of peptide mass on 
the biodistributiori of ^Cu-TETA-Y3-TATE, groups of 
CA20948 tumor-bearing rats (n = 5) were coinjected with 10 ng 
of ^Cu-TETA^3-TATE (5 jutCi, 0.2 MBq) and a known mass 
of TETA-Y3-TATE to give final injectates of 10, 50, 100, 500, 
1000, and 5000 ng. All animals were sacrificed at 1 h, and % 
ID/g and % ID/organ values of selected tissues and organs were 
determined. 

Rat Dosimetry. The estimated huihan absorbed doses of 
^Cu-TETA-Y3-TATE to normal organs were obtained using 
biodistribution data in CA20948 tumor-bearing rats, according 
to methods described previously (7). ^Cu-TETA-Y3-TATE (35 
|uiCi, 1 .3 MBq) was injected i.v., and the rats were euthanized by 
Metofane overdose and cervical dislocation at 1, 3, 6, 12, 24, 36, 
and 48 h after injection. The rats for the 48-h time point were 
housed in metabolism cages to determine % ID excreted in urine 
and feces at 1, 3, 6, 17, 24, 43, and 48 h. Time-activity curves 
were generated for 12 organs. Cumulative activity (jjiCi-h or 
kBq-h) was determined by numerically integrating the area 
under the time-activity curves. Human dose estimates were then 
calculated using standard MIRD techniques, and S-values (mean 
absorbed dose per tmit cumulative activity) for ^Cu were ob- 
tained from the MIRD0SE3 program (22). Bone activity was 
assumed to be distributed equally between the trabecular bone 
and cortical bone. The absorbed dose to the CA20948 rat tumor 
was determined from biodistribution data using methods de- 
scribed previously (18). Briefly, time-activity data were deter- 
mined by combining the tumor data from different time points 
after injection. Each tumor was excised and weighed, and an 
S-value was calculated for the average tumor size for each time 
point, assuming a spherical tumor of unit density. Nonpenetrat- 



3610*^Cu-TETA-Tyr^-Octreotate as a Radiotherapeutic Agent 



ing emissions of ^Cu were assumed to be completely absorbed 
in the tumor. For penetrating emissions, appropriate specific 
absorbed fractions for the 511 and 1340 keV photons of ^Cu 
were used. This approach assumes that tumors of similar size in 
different animals demonstrate similar uptake characteristics, and 
the resulting absorbed dose is an average of that absorbed by 
each tumor. 

Baboon Dosimetry. The biodistribution of ^Cu-TETA- 
Y3-TATE was also determined in a 25-kg male baboon by PET 
imaging. PET imaging was performed using a Siemens/CTI 
ECAT EXACT PET system (CTI PET Systems,.Knoxville, TN) 
to determine the biodistribution of 4.6 mCi (170.2 MBq) of 
^Cu-TETA-Y3-TATE over the first 1 8 h after injection. Images 
of the animal's torso were acquired at 30-min intervals from 0 
to 3 h and then again at 18 h after injection. The baboon was 
anesthetized for the first 3 h and then repositioned to approxi- 
mately the same position the following day. 

Activity concentration values were derived from the PET 
images, which were calibrated previously against the same dose 
calibrator (Capintec, Ramsey, NJ) used to assay the injected 
dose. Corrections for photon attenuation, random coincidences, 
deadtime, and scatter were applied. Images were reconstructed 
with filtered backprojection and modest smoothing (Hann, cut- 
off 0.3 pixels"*), so that most organs could be clearly identified. 
ROIs were drawn over liver, spleen, kidneys, bladder, blood 
pool, red marrow, and muscular soft tissue and were used to 
estimate total organ accumulations of the compound. Blood 
activity was taken to be the average of the maximum pixels in 
five to six adjacent slices through the left ventricle, which was 
necessary to avoid partial volume effects in the moving heart. 
Liver activity was taken as the average value in a large ROI 
centered in the liver and averaged > five to six slices. Kidney 
activity, although trapped primarily in the renal cortex, was 
taken as the average value inside a ROI outlining the entire 
kidney and was assimied to be uniformly distributed in the 
organ. ROI values were decay-corrected to the time of injection, 
extrapolated where necessary by standard human organ and 
blood volumes, and then normalized to the baboon's weight 

(23) . By comparison with the total injected activity, the % ID to 
each organ was determined. Bone marrow activity was derived 
from blood pool activity according to the model of Siegel et al 

(24) using a partition fraction of 0.3. 

Time-activity curves were generated from the PET ROI 
results for the seven organs. Each was fit with a biexponential 
function (Fig. 2) and then integrated numerically to determine 
the residence time of the activity in each organ. The results 
accounted for 90-99% of the injected activity over the imaging 
period, with the rest being included as "missing" and assigned to 
the MIRD category "remainder-of-body." Thus, the missing 
fraction was assumed to be distributed uniformly in the body. 
The "residence time," or accumulation-time product, can be 
determined for each relevant organ by integrating the time- 
activity curve either analytically, from 0 to «», or numerically 
over a suitably long interval. We used a numerical integration 
from 0 to 48 h. The absorbed radiation dose to a given organ was 
calculated as the sum of the products of the residence times and 
the tabulated S-values for ^Cu in a standard human geometry. 
Because the bladder residence time depends primarily on the 
pattern of voiding, we have calculated a conservative estimate 
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Fig. 2 Time-activity curves for kidnisys {A) and blood {B) from PET 
images of a baboon injected witii ^Cu-TETA-Y3-TATE. Data points in 
the upper curve {solid line) arc corrected for physical decay, forming the 
basis for the biexponential fit The lower curve is the fitted curve with 
physical decay included, from which the residence time, t, is derived by 
numerical integration. 



assuming no excretion, as well as a more realistic estimate using 
the dynamic bladder model available in die MIRD0SE3 soft- 
ware package, with a voiding interval of 4 h. 

Statistical Analysis. To determine statistical signifi- 
cance in the biodistribution studies, a Tukey*s Studentized 
Range (HSD) Test was performed with P < 0.05 being consid- 
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ered significantly different. In the therapy studies, Tukey*s 
Studentized Range (HSD) Test, ANOVA, SchefFe's test, and a 
Least Difference Test were performed to compare single-dose 
and multiple-dose protocols and to compare these with data 
obtained from control rats. Comparison was made on the length 
of time it took the tumor to reach 1 0, 000 mm^ in size or the time 
to ulceration. . 

RESULTS 

Radiotherapy Experiments (Single Dose). The results 
from all of the radiotherapy studies undertaken in CA20948 
tumor-bearing rats are shown in Fig. 3. All rats diat received a 
single I5.5-mCi dose of ^Cu-TETA-Y3-TATE showed signif- 
icant reducrion in tumor volume (29-73%) over the following 



7-day period, taking 28.4 ± 3.29 days for the tumor volume to 
reach > 10,000 mm^ or to ulcerate after tumor implant. Inhibi- 
tion of tumor growth and reduction of tumor size after a single 
dose of ^Cu-TETA-Y3-TATE were more apparent {P < 0.05) 
than that observed in animals receiving an equal dose of **^Cu- 
TETA-OC (0-35% reduction over 7 days). There was no tumor 
growth inhibition in the control groups, and the time it took for 
the tumors to reach >10,000 mm^ or to ulcerate (20.71 ± 2.06 
days for TETA-Y3-TATE and 19.44 ± 1.67 days for buffer) 
were significantly lower than the groups that received a single 
dose of ^Cu-TETA-Y3-TATE (P < 0.05). The single 15.5-mCi 
dose of **Cu-TETA-Y3-TATE reduced and inhibited the 
growth of the CA20948 tumor for over 10 days before nornial 
growth resumed. There was no weight loss or appearance of 
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toxicity with ^Cu-TETA-Y3-TATE at the 15.5-mCi dose. It is 
important to note that tiunors that regrew after remission often 
ulcerated at an earlier stage than those in controls groups. 

Radiotherapy Experiments (Multiple Dose). In both 
multiple dose experiments, the control groups (10-15 jjig of 
unlabeled TETA-Y3-TATE) showed unrestricted growth of the 
tumor (mean survival time, 19.25 ± 2.63 days). All rats receiv- 
ing the 3 X 10 mCi dose regimen of *^Cu-TETA-Y3-TATE 
showed tumor grow^ inhibition and a decrease in tumor volume 
of 36-81%. The smallest tumor sizes were recorded between 
days 16 and 18 after implantation (0.07-0.60 cm^). In the 
treated rats, it took an average of 28.44 ± 3.91 days for the 
tumors to reach > 10,000 mm^ or to ulcerate after implant. In 
rats receiving a 3 X 20 mCi dose regimen, there were no 
palpable tumors in any of the animals at day 14 after tumor 
implantation. Complete remission and disappearance of the tu- 
mor was observed for 10 days. On day 25 after the implant, 
tumors began to reappear and continued to grow more slowly 
than before the therapy, until the animals had to be sacrificed 
38.22 ± 4.27 days after tumor implant. By using the Tukey*s 
Studentized Range Test, we found that the time it took the 
tumors to reach > 10,000 mm^ in size or to ulcerate in the rats 
receiving a 3 X 20 mCi dose regimen was significantly higher 
than all other groups examined in all other therapy and control 
protocols (P < 0.05). 

Blood Chemistry and Physical Appearance. Toxicity 
was determined in rats receiving 3 X 20 mCi of ^Cu-TETA- 
Y3-TATE by monitoring weight and gross physical appearance, 
as well as hematological and liver and kidney ftinction. The 
mean weight of the treated rats increased similarly to that of the 
control rats, and they maintained a healthy physical appearance 
(with no sign of scruffy coat or diarrhea) over the experimental 
period. Blood chemistries were compared with baseline levels 
obtained from the control rats. The mean WBC count decreased 
to 25-50% of the control group level at day 12 after the tumor 
implant (5,500 ± 3,630/mm3 versus 13,600 ± 1,170/mm^). The 
transient drop in WBCs remained constant until day 1 5 (7,500 ± 
I,690/mm') and then was seen to recover to baseline levels by 
day 34 (9,530 ± 2,290/mm^) after the tumor implant. The 
differential WBCs showed a transient elevation in segregated ' 
neutrophils to a maximum of 407% of controls after 17 days 
(61.0 ± 5.29% versus 15.0 ±1.63%), with a transient decrease 
in lymphocytes to a minimum of 45% of controls at day 17 
(37.0 ± 4.55% versus 82.0 ± 2.16%). Both segregated neutro- 
phils and lymphocyte levels were seen to recover to baseline 
levels by day 34 (23.75 ± 9.03% and 71.8 ± 8.66%, respec- 
tively). No significant changes in RBCs or hemoglobin or hem- 
atocrit levels were noted. Platelet levels initially elevated to 
138% of controls up to day 17 (1 1,27.50 ± 106.59 X lOVmm' 
versus 815.25 ± 87.43 X lOVmm^) and then decreased dramat- 
ically to 35% of controls by day 25 (282.25 ± 119.69 X 
10^/mm^). Baseline platelet levels were reached by day 34 
(969.00 ± 151.39 X lOW^). The levels of kidney enzymes, 
blood urea nitrogen and creatinine, did not change significantly 
over the observation period. Levels of ALP, ALT, and AST 
were all seen to decrease (65.1, 51.9, and 49.9% of controls, 
respectively) by day 17. Both ALP and AST.recovered to >75% 
of baseline levels by day 20, and ALP, ALT and AST all 
returned to baseline levels by day 34. 
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Fig. 4 Biodistribution at 1 h after injection of 5 |xCi (0.2 MBq) of 
^Cu-TETA.Y3-TATE in CA20948-bearing rats at doses of 10. 50 100 
500, 1000, and 5000 ng of peptide. Bars. SD 



Effect of Specific Activity on Biodistribution of Radio- 
labeled Peptide. The uptake of 5 jxCi (0.2 MBq) of ^Cu- 
TETA-Y3-TATE, diluted with different masses of unlabeled 
TETA-Y3-TATE, in receptor-rich organs and the kidney at 1 h 
after injection is shown in Fig. 4. With a coinjection of 5000 ng 
of peptide, uptake decreased significantly in receptor-positive 
tissues {P < 0.05). The uptake in the pituitary showed a 4-fold 
decrease (5.40 ± 0.74% ID/g for 10 ng versus 1.24 ± 0.24% 
ID/g for 5000 ng; P < 0.05), the adrenals displayed an 8-fold 
decrease (1 1.41 ± 01.67% ID/g for 10 ng versus 1.40 ± 0.19% 
ID/for 5000 ng; P < 0.05), the uptake in the pancreas was nearly 
4-fold lower (14.24 ± 1.74% ID/g for 10 ng versus 3.84 ± 
0.41% ID/g for 5000 ng; P < 0.05), and the tumor uptake was 
over 2-fold lower (3.69 ± 1.68% ID/g for 10 ng versus 1.64 ± 
0.06% ID/g for 5000 ng; P < 0.05) at the highest mass injected. 
Other nontarget organs showed no significant decreases in up- 
take. 

Dosimetry, Human absorbed dose estimates to normal 
organs, calculated from rat biodistribution data and baboon PET 
imaging, are shown in Table 1. The absorbed dose to the 
kidneys for ^Cu-TETA-Y3-TATE. based on rat biodistribution, 
was 0.445 rad/mCi (0.120 mGy/MBq). By comparison, baboon 
PET image data showed a peak of 20% ID in the kidneys, with 
fairly rapid clearance, giving an absorbed dose of 1.25 rad/mCi 
(0.337 mGy/MBq). The intestinal tract also showed distinctly 
different uptake results from the rat and baboon experiments. 
There was virtually no uptake in the bowel of the baboon, and 
only a small fraction (0.9% ID) cleared via the hepatobiliary 
system. Table 1 also shows the effect of the dynamic bladder 
model on the dose to the urinary bladder wall in the PET 
imaging study. In the CA20948 rat model, the average absorbed 
dose to the tumor was calculated to be 40.8 rad/mCi (11.0 
mGy/MBq) for a single injection of *^Cu-TETA-Y3-TATE. 

DISCUSSION 

^Cu-TETA-OC is presently being evaluated clinically at 
Washington University School of Medicine for the detection of 
neuroendocrine cancer by PET (25) and was investigated for 
therapeutic potential in a rodent tumor model (7), *^Cu-TETA- 
Y3-TATE has been shown to have a higher affinity for the 
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Table J Absorbed radiation doses resulting from administration of 
CU-TETA-Y3-TATE, determined from rat biodistribution and PET 
imaging of a baboon 



Organ 



Rat rad/mCi 
(mGy/MBq) 



Kidneys 
Liver 

Gallbladder 
Red marrow 
Spleen 
Pancreas 
Adrenals 
Upper large 

intestine wall 
Small intestine 
Lower large 

intestine wall 
Urinary bladder 
Total body 



Baboon rad/mCi 
(mGy/MBq) 



0.445 (0.120) 
0.108(0.029) 

0.069(0.018) 
0.053 (0.014) 
0.145(0.039) 
0.616(0.166) 
0.244 (0.066) 

0.131 (0.035) 
1.030 (0.278) 

0.785 (0.212) 
0.040(0.011) 



1.25 (0.337) 
0.39(0.107) 
0,49(0.132) 
0.038 (0.009) 
0.35 (0.095) 
0.16(0.043) 
0.059(0.016) 
0.035 (0.010) 

0.044(0.012) 
0.059(0.016) 

2.82(0.763)70.38 (0.103)* 
0.063 (0.017) 



Urinary bladder dose calculated assuming: " no excretion; and 
using the dynamic bladder model of Cloutier et al (37). 



somatostatin receptor than *^Cu-TETA-OC both in vitro and in 
v/vo; in vitro, IC50S for the binding of Cu-TETA-Y3-TATE and 
Cu-TETA-OC to CA20948 pancreatic tumor cell membranes 
were 0.250 ± 0.05 nM and 0.498 ± 0.039 nM, respectively; in 
vivo, this increased affinity for somatostatin receptors was 
shown by a 2-fold uptake of ^Cu-TETA-Y3-TATE over '^^Cu- 
TETA-OC into CA20948 tumors over 1 h (15). The aim of the 
present study was to determine the radiotherapeutic efficacy of 
the superior analogue, ^^Cu-TETA-YS-TATE, in a tumor-bear- 
ing rodent model, to evaluate the toxicity of the agent, and to 
calculate human absorbed doses from both rodent biodistribu- 
tion and primate imaging. The results obtained in this investi- 
gation strongly suggest that ^Cu-TETA-Y3-TATE may be su- 
perior to ^Cu-TETA-OC and has potential for targeted 
radiotherapy of neuroendocrine cancer in humans. 

From the single-dose radiotherapy experiment (1 X 15.5 
mCi), it is evident that ^Cu-TETA-Y3-TATE is at least as 
effective as ^Cu-TETA-OC in effecting greater tumor regres- 
sion and may possibly be more effective. In the first multiple 
dose protocol using ^Cu-TETA-Y3-TATE (3X10 mCi), the 
tumor burden decreased dramatically with an extended time for 
the tumor burden to reach >1 0,000 mm^ or ulcerate in the 
treated animals compared with the control groups. In the second 
multiple dose regimen (3 X 20 mCi), there were no palpable 
tumors in die treated group for an extended period of time (-10 
days): Moreover, the time for the tumor burden to reach 
> 10,000 mm^ or to ulcerate in these rats was nearly twice that 
of the control groups {P < 0.05). All of the statistical analysis 
performed confirmed that the survival time of the rodents was 
dependent on the dose administered. It was shown that the 3 X 
20 mCi multiple dose regimen was more effective in tumor 
regression than single-dose administration and the first multiple 
dose protocol (3 X 10 mCi). The advantages of multiple dose 
protocols over a single dose have precedence in radioimmuno- 
therapy studies (26, 27) and radiotherapy with peptides (7, 28) 
and include significant reduction of the tumor burden with 
decreased toxicity. A multiple dose regimen also has the advan- 
tage of delivering a consistent amount of tolerable radiation over 



an extended period to die tumor, while allowing intermittent 
recovery of nontarget tissues. The decreased toxicity is often 
attributable to decreased bone marrow suppression, which is the 
result of delivery of multiple smaller radiation doses over an 
extended treatment period. 

The CA20948 rat pancreatic tumor is extremely aggressive 
with a doubling time of 12-36 h. Stolz et al. (4) recently 
reported complete eradication of CA20948 tumors in 71% of 
rats treated with 10 mCi/kg (370 iVHSq/kg) of '*V-SMT 487 
(^-D0TA-Y3-0C), with no observable side effects. No ab- 
sorbed dose measurements to the tumor or normal organs or 
specific blood chemistry/toxicity data were reported, however 

The efficacy of ^^-SMT 487 has been reported in three patients 
(II), and this agent is presently in Phase I clinical trials in 
patients with somatostatin receptor-positive malignancies (3 
29). ^ has a mean p energy of 0.9 MeV with a maximum 
energy of 2.27 MeV and a maximum particle range of about 1 1 
mm in tissue, making it an appropriate radionuclide for large 
tumor burdens. ^Cu emits a 0.58-MeV particle (40%), a 
0.66-MeV particle (19%), and a 7 photon of 1.34 MeV 
(0.5%), yielding a mean range of penetrating radiation of -1.4 
mm in tissue; therefore. ^Cu emissions are more suitable for 
smaller tumor masses. In the study, the tumor sizes were 
1 2,805 ± 1 140 mm^ at die time of injection (4). In our studies, 
rats are sacrificed when the Uimor reaches > 10,000 mm^ or the 
tumor ulcerates; thus, the tumors in our experiments were ini- 
tially much smaller than those in the investigation of Stolz et al, 
(4). The size of the tumor at the beginning of the treatment may 
account for the difference in the response of the tumors to the 
different radionuclides; therefore, a meaningful comparison can- 
not be made between the efficacy of the and ^Cu com- 
pounds at diis time. Moreover, the treatment of the tumor with 
CU-TETA-Y3-TATE may lead to the selective killing of re- 
ceptor-rich cells. Theoretically, multiple dose schedules may 
cause a significant decrease in somatostatin receptor density 
after repeated administrations. As a consequence, regrovrth of 
CA20948 tumors after treatment is possible because cells with a 
smaller number or no somatostatin receptors survive during 
^Cu-TETA-Y3-TATE treatment. Therefore, because of the lon- 
ger mean range of the ^ p- particle, receptor-negative by- 
standing cells could also be killed. This may also account, in 
part, for the complete eradication of CA20948 hrniors reported 
by Stolz a/. (4). 

In the 3 X 20 mCi dose study reported here, the treated r^ts 
gained weight throughout the experiment and at no time pre- 
sented with any overt physical signs of toxicity, such as leth- 
argy, scruffy coat, >10% weight loss, or diarrhea. Transient 
elevation and decrease in certain hematological and enzyme 
levels were noted, but by day 34 after the first treatment, all 
levels returned to baseline values. Although not fiilly compre- 
hensive, these toxicity data are encouraging in that a maximum 
tolerated dose was not achieved and that larger quantities of 
radioactivity could be administered safely. 

The biodistribution of ^Cu-TETA-Y3-TATE in rats was 
cleariy affected by die mass of peptide injected. A bell-shaped 
relationship has been reported between mass of **'ln-pentet- 
reotide and its uptake in receptor-rich tissues (30). In this 
investigation, there was maximum uptake in somatostatin recep- 
tor-positive tissues at the lowest mass dose (10 ng), with de- 
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creasing uptakes in these tissues at higher masses. For the 
specific activities given in this report (1.25-2.5 mCi/juig), this 
would convert to 4-16 jxg of material being injected in the 10- 
and 20-mCi treatment doses. This would result in the lowering 
of uptake of ^Cu-TETA-Y3-TATE into receptor-rich tissues, 
which would have direct consequence on the regression of the 
tumor and dosimetry estimations. Using *^Cu-TETA-Y3-TATE 
labeled at high specific activities may improve is therapeutic 
efficacy. 

On the basis of the estimated absorbed doses from the 
baboon PET images, a typical injectate of ^Cu-TETA-Y3- 
TATE for an imaging study will result in a total dose to the 
kidneys of 1.25 rad/mCi (0.337 mGy/MBq). This appears to be 
the dose-limiting organ, because the bladder dose measured in a 
baboon would be reduced >7-fold by a normal voiding scheme. 
The kidney dose determined from the nonhuman primate is 
---S-fold higher than what was determined from rats. Dosimetry 
data presented for the intestinal tract also showed distinctly 
different results from the rat and baboon experiments. The 
different biodistribution between nonhuman primates and ro- 
dents is not surprising, given that hepatobiliary and renal clear- 
ance of many radiopharmaceuticals vary widely from rodents to 
mammals (31, 32). The decreased intestinal uptake and increase 

of renal dose in the baboon is likely to be more representative of 
human biodistribution. 

Although the large discrepancies between rodent mid pri- 
mate biodistributions of radiopharmaceuticals are not surprising, 
the fact that human absorbed dose estimates of ^Cu-TETA-Y3- 
TATE based on rat biodistribution data are greatly underesti- 
mated compared with doses obtained from baboon PET imaging 
data are problematic. Previous studies in our group on the 
dosimetry of ^Cu-labeled monoclonal antibody 1A3-F(ab')2 
showed that absorbed dose estimates from rat biodistribution 
data overestimated what was found from baboon PET imaging 
data. (33). Preliminary studies of **Cu-TETA-OC in patients 
showed that absorbed dose estimates based on rat biodistribu- 
tion data were not greaUy different from actual absorbed doses 
determined from human PET images.^ Because of the distinct 
differences in the biodistribution of *^Cu-TETA-Y3-TATE in 
rodents and primates, we will base future dosimetry estimates on 
radiolabeled somatostatin analogues from primate data prior to 
human studies. 

Although human absorbed doses were not estimated in the 
radiotherapy studies reported previously using '^*Re and 
labeled somatostatin analogues in tumor-bearing mice (28, 34), 
dosimetry results have been reported in the two of the clinical 
case studies of "*In-DTPA-octreotide therapy. In the report by 
Krenning et al. (8), the patient received a total of 550 mCi (20.4 
GBq) over seven administrations, and the estimated doses to the 
liver and kidneys were 240 and 500 rad (2.4 and 5.0 Gy), 
respectively, whereas the estimated dose to the tumor was 1300 
rad (13 Gy). Fjalling et al. (9) reported doses of 630 rads (6.3 
Gy) to the liver (which had liver metastases), 371 rad (3.71 Gy) 
to the spleen, and 212 rad (2.12 Gy) to the kidney and red 
marrow. A study by Cremonesi et al. (35) used *''In-DOTA- 
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Y3-0C to estimate the absorbed doses that would be received in 
a therapy study with ^.D0TA-Y3-0C. They reported the 
average estimated dose that would be given for a therapy 
trial where 30 mCi (1.1 GBq) was administered per cycle for 
three cycles. The estimated absorbed doses due to '**Y-DOTA- 
Y3-0C were 231 rads (2,31 Gy) to the liver, 2508 rad (25.08 
- Gy) to the spleen, 1089 rad (1 0.89 Gy) to the kidney, 9 rad (0.09 
Gy) to red marrow, and 3333 rad (33.33 Gy) to the tumor. In the 
present study reported here, a single dose of 15.5 mCi of 
Cu-TETA-Y3-TATE was administered to tumor-bearing rats, 
which weighed -250 g. Extrapolating this to humans would 
suggest a total dose of about 4000 mCi (148 GBq) of ^Cu- 
TETA-Y3-TATE for clinical therapy trials. On the basis of the 
nonhuman primate data, a delivered dose of 4000 mCi (148 
GBq) of ^Cu.TETA-Y3-TATE would result in absorbed doses 
of 5000 rad (50 Gy) to the kidney, 1560 rad (15.60 Gy) to the 
liver, 1400 rad (14 Gy) to the spleen, and 152 rad (1.52 Gy) to 
the red marrow. The kidneys are the critical organ in this study, 
and a reduction in kidney absorbed dose would be necessary.' 
Methods have been used to decrease the uptake of radiolabeled 
proteins and peptides in the kidneys, in particular after the i.v. 
administration of D-lysine (13), 

The absorbed dose to the CA20948 tumor from ^Cu- 
TETA-Y3-TATE, calculated from the rat biodistribution, was 
40.8 rad/mCi (11.0 mGy/MBq), compared with 30,9 rad/mCi 
(8.4 mGy/MBq) from *^Cu-TETA-OC (7). It is important to 
note that this is the dose to the rat tumor and not an estimated 
dose to human tumors. By simple calculation, this represents a 
dose of 6120 mGy_(612 rad) for ^Cu-TETA-Y3-TATE to the 
CA20948 tumor in "the single-dose experiment (1 X 15.5 mCi). 

The data presented here clearly demonstrate that, for tar- 
geted radiotherapy with *^Cu-TETA-Y3-TATE, the use of a 
multiple dose schedule is superior to single injections in terms 
of efficacy and toxicity. However, the effect of multiple doses 
on the tumor uptake of ^Cu-TETA-Y3-TATE must be consid- 
ered for each consecutive injection. Preliminary studies suggest 
that uptake of ^Cu-TETA-Y3-TATE in receptor-positive or- 
gans and the CA20948 tumor decreases for subsequent identical 
injections given at 48-h intervals (36). In this study, it was 
shown that tissue uptake was less affected v/ith the longer 
intervals between administrations (72 h) and suggests that lon- 
ger dose fractionation protocols may be superior in therapeutic 
efficacy than 48-h treatment regimens. Future studies in tumor- 
bearing rats will include the use of MicroPET imaging (Con- 
corde Microsystems, Knoxville, TN) to determine the optimal 
time interval for multiple dose regimens. PET imaging will 
enable the calculation of biodistribution data {i.e., dosimetry 
measurements) and the determination of therapeutic efficacy 
simultaneously. 

In conclusion, ^Cu-TETA-Y3-TATE was effective in 
causing tumor regression of CA20948 tumors in rats. A multiple 
dose regimen of ^Cu-TETA-YS-TATE temporarily eradicated 
CA20948 tumors, without lethal toxicity to the animal. It is clear 
that optimization of the radiotherapeutic multiple dose regimen 
is necessary to improve upon the results presented in this report. 
The results reported here also showed significant discrepancies 
between absorbed dose estimates obtained from rat and baboon 
biodistribution. These data suggest that ^Cu-TETA-Y3-TATE 
may not be optimal agent for targeted radiotherapy but does, 
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however, confinn that other ^Cu-labeled somatostatin ana- 
logues warrant continued consideration as agents for targeted 
radiotherapy. 
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